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Introduction 


In 1953, President Eisenhower delivered a 
speech called "Atoms for Peace" to the United 
NationsGeneral Assembly. He described the emer¬ 
gence of the atomic age and the weapons of mass 
destructi on that were pilingupinthe storehouses 
of the American and Soviet nations. Although 
neither side was aiming for global destruction, 
Eisenhower wanted to "moveout of the dark cham¬ 
bers of horrors i nto the I i ght, to fi nd a way by whi ch 
the mi nds of men, the hopes of men, the souls of 
men everywhere can move towards peace and hap¬ 
piness and well-being." 1 One way Eisenhower 
hoped this could happen was by transformi ng the 
atom from a weapon of war into a useful tool for 
civilization. 

M any peopl e bel i eved that there were unprec¬ 
edented opportunities for peaceful nuclear appli¬ 
cations. These included hopeful visionsof atomic- 
powered cities, cars, airplanes, and rockets. Nuclear 
power might also serve as an efficient way to 
generate electricity in space to support life and 


machines. Eisenhower wan ted to provide scientists 
and engineers with "adequate amountsof fission- 
ablematerial with which to test and develop their 
ideas." 2 But, in attempting to devise ways to use 
atomic power for peaceful purposes, scientists 
realized how little they knew about the nature 
and effects of radiation. As a result, the United 
States began constructing nuclear test reactors to 
enable scientists to conduct research by produc¬ 
ing neutrons. 

American scientists and engineers carried out 
the "atoms for peace" initiative at the nearly 200 
research and test reactors built in the 1950s and 
1960s. These types of reactors are very different 
from power reactors, which are built to produce 
power by converti ng radioactive heat i nto electric- 
ity. I n contrast, research and test reactors are used 
for scientific and technical investigations. Research 
reactors help engineers design experiments and 
build better reactors, while test reactors generate 
powerful radi ati on fi el ds that enabl e sci enti sts to 
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Image 2: In his 1953 "Atoms for Peace" speech at the U nited N ations General Assembly, President Eisenhower called for an 
international atomic agency so that "experts would be mobilized to apply atomic energy to the needs of agriculture, medicine, 
and other peaceful activities" (International Atomic Energy Agency) 
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Image3: Artist's conception of a piloted nuclear-powered spacecraft capableof exploring thesolar system. (1959) (NASA 
C-1959-52113) 
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I mage 4: Artist's conception of an atom-powered bomber capableof carrying its own fighter escort. The plane was described by 
Lee A. 0 hlinger, atomic specialist for N orthrup Aircraft, at a meeting of the Society of Automotive Engineers in N ew York (10 
April 1956). Called "Project 0 possum," the bomber would carry six fighters at subsonic speeds, cutting them loose and shifting 
into high in case of attack. (Copyright and permission courtesy of Bettmann/CO RBIS) 


study how materials respond to radioactive envi¬ 
ronments. Though commercial and academic 
institutions built some research and test reactors, 
the government supported the large majority of 
them. One of the most powerful in the world was 
the National Aeronautics and Space Administra¬ 
tion (NASA) test reactor, located at Plum Brook 
Station in Sandusky, Ohio, near Lake Erie From 
1961 to 1973, this reactor was home to some of 
the most advanced nuclear experimentation in the 
United States. Engineer A. Bert Davis said of the 
work at Plum Brook, "We were young and eager 
and we felt like we were pushing back the fron¬ 
tiers of science'' 3 The Plum Brook reactor became 
NASA's nuclear frontier—the boundary between 
what was known and unknown about the effects 
of radiation on materials. 

Thisbookisa visual history of thePlum Brook 
reactor, including numerous images and captions, 


a narrative history, and selected primary docu¬ 
ments. It begins with the acquisition of the Plum 
Brook farmland by the government at the start of 
World Warll and discusses its use as a significant 
o rd n an ce wo rks f o r th e war eff o rt. At th e same ti me; 
scientists worldwide were making tremendous 
progresson a roughlyfifty-year investigation of the 
mysterious world inside the atom and the enor¬ 
mous reserve of power it appeared to contai n. Thi s 
work culminated in the atomic bomb. After the 
war, as Plum Brook's ordnance factories went 
si I ent, sci enti sts conti n ued thei r pu rsu i t of n ud ear 
knowledge by constructing test reactors. One spe¬ 
cific aim for this research in the 1950s was to build 
a nud ear-powered airplane To support this effort, 
in 1956 NASA's predecessor, theNational Advisory 
Committee for Aeronautics(NACA), began to de¬ 
sign and bui Id a massive test reactor at PI um Brook. 
By the time the reactor was completed in 1961, 
President Kennedy had suspended the nuclear 
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Image 5: Artist's drawing showing the layout of other Plum Brook support buildings and laboratories At the time, several key 
buildings had yet to be built. (1957) (N ASA C-2003-818) 


aircraft program for safety and technical reasons. 
However, in its pi ace he advocated an even bolder 
plan—a nuclear rocket. The Plum Brook Reactor 
Faci I ity became one of the pri mary research faci I i- 
ti es to test materials for this rocket. Worki ng with 
contractors from Lockheed, Westinghouse General 
Dynamics, and General Electric, scientists and 
engineers conducted ground breaking nuclear 
experi ments. 

Despite the promise of their work, many of 
the experiments were never concluded. In 1973, 
just over a decade after Kennedy first extolled the 
nuclear rocket's i importance, the project shared the 
fate of the nud ear ai rpl ane I n the post-Apol I o era, 


NASA terminated costly, long-term, nonreusable 
proj ects I i kethe n ud ear rocket i n favor of programs 
that appeared to have greater i mmedi ate payoff I i ke 
the Space Sh uttl e Two weeks after Apol I o's I ast mi s- 
sion, Plum Brook was ordered to shut down its 
reactor. The entire facility was maintained in a 
standby mode (under a "possess but do not oper¬ 
ate" license) for nearly a quarter century. In 1998, 
a decommissioning plan was formulated to 
demolish the reactor piece by pieces until nothing 
would be left but bare land, suitable once again 
for farming. Despite now being closed for over 
thi rty years, it remai ns the ei ghth-l argest test reac¬ 
tor that the U nited States has ever bui It. 
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I mage 6: Plum Brook reactor primary buildings with a cutaway of the containment vessel revealing the quadrants, the reactor 
pressure tank, and the lily pad. It was called the lily pad because, with water in the quadrants, the circular center resembled "a 
lily pad floating on water." (1956) (N ASA C-1956-42673) 


Archivist Robert S. Arrighi gathered a photo¬ 
graphic database collected artifacts for a museum 
display, and assembled documents in a col lection 
destined for the National Archives and Records 
Administration. Historian Mark D. Bowles inter¬ 
viewed many of the people who had worked at 
the reactor, analyzed the documents, and began 
writing a scholarly book-length history of the 
faci I ity(theforthcoming Reactor in the Garden). The 
authors hope that thei r combi ned efforts have re¬ 
sulted in a visually exciting and intellectually 
accessible monograph that recounts the pioneer- 
ing research of a committed group of NASA 
scientists and engineers working in the nuclear 
frontier. 

The authors would like to thank Dr. Virginia 
P. Dawson atHistory Enterprises, Inc., for her valu¬ 
able insight into NASA history and her comments 
on successive drafts of this manuscript. They also 


thank Kevin Coleman of NASA Glenn Research 
Center for his coordination of this project and his 
advice and assistancethroughoutall phases of the 
research, writing, and photograph gathering. The 
authors also acknowledge the valuable help of 
Deborah DemalinQ Jim Polaczynski, Quentin 
Schwinn, Mark Grills, and Bruce MacGregor from 
Indyne Inc.; Michael Blotzer, chief of the Glenn 
Research Center Environmental Management Of¬ 
fice; Rich KalynchukfromScienceApplicationsIn- 
ternational Corporation; Project Manager Timo- 
thyj. Polich and Senior Engineer Keith M. Peecook 
from the Plum Brook Reactor Facility Decommis¬ 
sioning. SteveDick, NASAChief Historian, Stephen 
Garber, Jennifer Troxell, and Katrina Thompson 
from the NASA History Office; Galen Wilson and 
Scott Forsythe from the National Archives and 
Records Administration; Nan Card from the Ruth¬ 
erford B. Hayes Presidential Center; Deborah A. 
MacDonell from the United States District Court 
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Image 7: Cutaway drawing of the Plum Brook reactor assembly within the pressure tank. The drawing reveals an array of test 
holes, the core, subpile room, control rods, water lines, etc. The tank was surrounded by four shielding quadrants, three contain¬ 
ing water. Q uadrant B was constructed with extra concrete shielding so the water was not necessary. This construction provided 
unique capabilities for handling experiment packages Despite the significance of this feature, the artist erroneously depicts 
Quadrant B as being filled with water. (N ASA CS-30642) 


Northern District of Ohio (Toledo); LindaGattshall 
from the M i I an Publ i c Li brary; M argaret Baughman 
from the Cleveland Public Library Photograph 
Collection; Joanne Cornelius from the Cleveland 
State University Special Collections Department; 
J ero me C oo ke f ro m th e D epartment of En ergy; an d 
all of the retirees from the Plum Brook Reactor 
Faci I i ty wh o grad o usl y gave th ei r ti me to be inter¬ 
viewed for the hi story projects. Lynn Patterson pro- 
vi ded excel I ent transcri pti onsfor al I the i ntervi ews 
conducted in this book. Melissa Kennedy at NASA 
Headquarters created an initial design, at NASA 
Glenn, Kelly Shankland redesigned and laid out 
the complete monograph, Patty M cC redie was the 
editor, and Lorraine Feher was the proofreader. A 
special thank-you goes to Hap Johnson, H. Brock 
Barkl ey, and H arry Fi nger, who suppl i ed documents 
and photographs from their personal files. 


A debt of gratitude is extended to the manu¬ 
script reviewers (anonymous peer-reviewers and 
NASA and former Plum Brook reactor employees) 
who provided important suggestions to improve 
this man uscri pt. The NASA and reactor employees 
included H. Brock Barkley, Earl Boitel, Bill Brown, 
Jack Crooks, Don Johnson, Jack Ross, and Dean 
Sheibley. 

A special recognition goes to Olga M. 
Dominguez, Deputy Assistant Administrator for 
I n sti tuti o n al an d C o rpo rate M an agement at N ASA 
H eadquarters i n Washington DC, who without her 
support, dedication, and foresight to preserve the 
hi story of thi s uni quefaci I ity, thi s document woul d 
not have been possi ble 
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0 btaining the Land 


In early 1941, Fred C. Baum was working on 
hisllO-acrefarm in ErieCounty, Ohio,justlikehe 
had every day for the previous twenty years. He 
was a typical small farmer, raising cows, cultivat¬ 
ing his fields, and tending to his 120-tree apple 
orchard. Heand hisfamilylived in an idylliccoun- 
tryhousenearhiscropsand livestock. Several acres 
of beautiful shade trees surrounded the area and a 
babbling stream named "Plum Brook" ran through 
the center of the property. Though Baum's farm 
was a thriving enterprise providing a good living 
for his family, his career as a farmer ended unex¬ 
pectedly that spring, before he could even harvest 
the year's crop. His fields were destroyed, build¬ 
ings razed, and livestock slaughtered, asthellnited 
States government acquired his property in the 
name of military preparation. For compensation 
the government I and agents offered the Baum fam¬ 
ily $18,375 and told them to vacate immediately. 4 

With World War II spreading throughout Eu¬ 
rope, American political and military leaders 


began to prepare the U nited States for the mate¬ 
rial demands of conflict. It was still many months 
before the bombi ng of Pearl H arbor, but the gov¬ 
ernment began layi ngthe i nfrastructureforthe war. 
This i nfrastructuretook theform of seventy-seven 
ordnance factories built throughout the country, 
primarily on theland of former farmers. I n thespan 
of just a few months in the spring of 1941, the 
government's land agents took possession of 44 
million acres of land (roughly the size of all the 
New England states) formerly owned by private 
citizens. In Erie County the government exercised 
its power of emi nent domai n and forced over 150 
Ohio farming families, including the Baum fam¬ 
ily, to sell 9,000 acres of land. Baum's farm be¬ 
came part of the future home of the PI um Brook 
Ordnance Works. 

The United States military designated Plum 
Brook as one of its most important sites for the 
development of gunpowder. It became one of the 
three I argest suppl iers of tri nitrotol uene (TNT) for 
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Image 8: Descendants of original 1812 Firelands settlers owned much of the property that became Plum Brook Station. Years of 
commitment and investment in the land had resulted in abundant crops and a strong community. In early 1941, federal agents 
arrived, and in April, 150 families were forced to sell out and leave the land that had been theirs for generations. Courtesy of 
H enry Pfanner. 



Image 9: Plum Brook Station seen in the context of Sandusky's unique location near Lake Erie. It is in the heart of some of the 
region's most fertile farmland. However, access to five highways, in addition to its secure distance from the borders, made it a 
perfect location for an ordnance facility. (NASA C-1960-55682) 
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Image 10: The Plum Brook Ordnance Works administrative building, medical services building, guard tower, and other structures 
during World War II, Just months prior to this photograph, this had all been farmland. Courtesy of Corps of Engineers, U ,S., 
Army. (No. 1238-12, 1944) 
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Primary Document #1 


The following document is Fred C. Baum's protest in a district court that the government was not 
providing fair compensation for the forced acquisition of his lands. The government was offering 
$18,500 and Baum believed that a fair price would be $35,929 for land that included a two-story 
brick home with ten rooms, two barns, milk house, hog pen, 120-tree apple orchard, thirty-one cows, 
twenty-two hogs, two acres of woods, and diversified crop production in his fields. Ten families wentto 
court to get more money. Baum's was the only case in which the jury ruled in favor of the defendant; it 
awarded him $31,700, just $4,000 less than he was seeking. No other defendants were awarded 
anything close to what they held their land to be worth. The government believed that Baum won his 
case because of a disposition on the part of the jury to favor the landowner without giving just consid¬ 
eration to the testimony presented by government experts. This jury decision was eventually upheld 
and Baum received his money. These documents can be found at Record Group 21, Records of the 
District Courts of the United States, Toledo, Civil Case 4627, U.S. vs. 1140.375 Acres of Land, etal., 
N ational Archives-G reat Lakes Region (Chicago). 

September 19, 1941 

IN THE DISTRICT CO URTO F THE UN ITED STATES FO RTHE N O RTHERN DISTRICT O F 
O HIO , W ESTERN DIVISIO N 

Fred C. Baum presents to the Honorable Court thaton or about the 21st day of June, 

1941, the United States of America instituted condemnation proceedings as herein 
entitled, seeking to acquire certain land in Erie County, Ohio, for federal building site 
purposes, more specifically designated as the Plum Brook O rdnance Site, a portion of 
which land designated as Parcel I, and fully described in the petition referred to, was in 
the name of this applicant; and thaton oraboutthe 23d day ofjune, 1941, by order of 
this Court, the immediate possession of this land referred to was taken by the United 
States of America. 

The applicant further states that subsequently negotiations were entered into for the 
payment of said land with representatives of the United States G overnment, but that a 
price judged to be faircompensation forthe taking of said property could notbe agreed 
upon and that consequently the fair value of said property is to be determined at a later 
date by this Honorable Court and a jury impaneled for such purposes. 

The applicant further states that the United States of America considered that Eighteen 
Thousand, Five Hundred Dollars ($18,500.00) was a fair and reasonable price for the 
taking of said land as aforesaid, and has deposited with the Clerk of this Court said 
amount to the credit of this applicant. 

This applying defendant has been ordered to vacate said premises by officials of the 
War Department of the United States, but is without sufficient funds to purchase or lease 
other lands and housing facilities to which he might move his family and his furniture 
and equipment. 
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Image 11: The Plum Brook cafeteria building, a typical Ordnance Works structure. Plum Brook's ordnance buildings were built 
for functionality, not style. Although these structures were built to last five years, many survived much longer, and this building is 
today used by the Perkins School D istrict. Courtesy of Corps of Engineers, U .S. Army. (No. 3-42, 1944) 



Image 12: The Plum Brook cafeteria in the basement of Building 1. A painting of the Plum Brook Trojanair appears on the far 
wall. The B-17 bomber was built with war bonds purchased by Plum Brook Ordnance Works employees during one of their 
numerous bond drives Courtesy of Corps of Engineers, U ,S. Army. (No. 21748, 1944) 
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Image 13: 0 ne of ninety-nine bunkers used to store powder at Plum Brook's southwest corner. These structures function today as 
naturally climate-controlled warehouses for federal records Courtesy of Corps of Engineers, U.S. Army. (No. 21762, 1944) 


the nation, producing nearly one billion pounds 
between 1942 and 1945. Aesthetics, not surpris¬ 
ingly, were not considered important in the con¬ 
struction of mostordnancefacilities. "There are to 
be no high falutin gargoyles on these buildings," 5 
remarked MajorGeneral ChariesM. Wesson,chief 
of ordnance in July 1940. Emphasis was placed 
on functionality, stability, and speed in construc¬ 
tion. Most of the buildings at Plum Brook were 
considered temporary, with an expected lifespan 
of five years. 6 All in all, eight major buildings were 
erected at a cost of $7,851,3357 

While most of the buildings at ordnance fa¬ 
cilities were hasti ly bui It with i nexpensi veconstruc- 
ti on materi al s, the i gl oos were a notabl e excepti on. 
Theigloos(so named because they looked I ike Es¬ 
kimo shelters) were solidly built storage facilities 
that Plum Brook used to houseitsexplosives. They 
were concrete with reinforced steel structures, 
shaped like half-barrels lying sideways in the 
ground, and covered with a thick layer of sod. Two 
lightning rods protected them during electrical 


storms Though they were designed to explode 
upward and not sideways, all ninety-nine of them 
had to be isolated from each other by at least 400 
feet on each side and 800 feet from the front and 
rear to prevent a dangerous chain reaction if one 
of them ignited. 

Plum Brook's first line production of TNT 
began on 15 N ovember 1941, j ust twenty-two days 
beforethejapaneseunl eash ed a su rp ri se attack o n 
Pearl Harbor. 8 The prime operating contractor 
was the Trojan Powder Company of Allentown, 
Pennsylvania. Once operational, Plum Brook pro¬ 
duced over 400,000 poundsof explosives per day. 9 
Th e wo rkers d i d everyth ingth at they could to sup¬ 
port the war effort. Not only were they committed 
to performing their jobs, but they also pooled their 
money together to buy war bonds. One Plum 
Brook bond campai gn set a goal of raising enough 
funds to purchase a $350,000 military airplane 
The plane, a flying fortress, was christened "The 
Plum Brook Trojan air" before its first flight. 
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Image 14: The Plum Brook 0 rdnance Works (PBOW) N ews was published every Saturday for the duration of the war. It 
emphasized exemplary work habits and kept employees up to date on the social comings and goings Plum Brook employees 
ranged from sixteen to eighty years old and came from all around the country. They were tied together by a common sense of 
purpose to assist the Allied victory. There were also social events, sports teams, and holiday functions that created a strong and 
closely knit culture. Courtesy of M iIan Public Library. 
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Image 15: Abbott & Costello appeared at the Plum Brook Ordnance Works in August 1942 to encourage workers to buy war 
bonds. Other campaigns included the display of a captured Japanese submarine, a visit by General M acArthur's ranger troop, 
and several all-Plum Brook days at Cedar Point, an amusement park in Sandusky. (Permission courtesy of the Charles E. 
Frohman Collection at the Rutherford B. Hayes Presidential Center, Freemont, Ohio) 


In August 1942 the film and comedy duo 
Abbott & Costello visited Plum Brook to encour¬ 
age the workers to purchase even more war bonds. 
The pai r entertai ned the audi ence on a stage erected 
beh i nd the admi ni strati on bui I di ng. After maki ng 
jokes and imitating the sound of steam engines, 
Costello became serious and shouted, "We're go¬ 
ing to put the three louses, Hitler, Hirohito, and 
Mussolini, in their pi ace We're goingto send them 
right to a good seat—the hot seat!" 10 They spent 
the remainder of the day at Cedar Point, a local 
amusement park. Seven months later the bond 
campaign came to a successful conclusion with 
most employees setting aside 10 percent of their 
total sal ary for bond purchases. 


It was difficult to keep morale strong. The la¬ 
bor was demandi ng and the condi ti ons were harsh. 
Because bui I di ngs were consi dered temporary, they 
lacked adequate insulation from the cold Ohio 
winters. In December 1942 nearly all of the em- 
ployees worked i n thei r heaviest coats and hats as 
"icy blasts tore through warped window casings." 11 
Most people pulled down their office shades in 
hopes of defl ecti ng the col d wi nds. Typewriters be¬ 
came sluggish, and the secretaries forced their 
numb fi ngers to press the frozen keys. It was not 
unusual for twenty-foot icicles to form on the 
110-foot-tal I water tower. O ne offi ce manager sai d 
that he spent most of the day brushing snow off 
his desk. Many of the employees rode bicycles to 
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Image 16: A typical Plum Brook 0 rdnance Works office building. Rooms like this looked relatively warm and comfortable, but 
their functional military construction left occupants vulnerable to the Ohio winter weather. Courtesy of Corps of Engineers, U.S. 
Army. (No. 21747, 1944) 


work because of conservation efforts, which also 
proved to bequitechallengingin thewinter. While 
the conditions were difficult, employees endured 
them, knowing that loved ones were probably risk- 
i ng thei r I i ves i n far more dangerous and demand- 
i ng situati ons abroad. 

Plum Brook emphasized safety and conserva¬ 
tion. Supervisors had regular safety dinners where 
they discussed concerns or problems that they 
thought mi ghtthreaten theirworkers. Plum Brook 
employees were also subject to strict conservation 
and rationing for the war. They saved gas by 
carpooling or biking to work. Many families 
planted "victory gardens" around their houses to 
help supply their own food needs 

Aswastypical in most industry duringthewar, 
women represented a large proportion of the 
workforce at Plum Brook. 12 Women held jobs as 


nitrator operators, wash-house helpers, packers, 
box factory operators, truck drivers, and clerical 
workers. There were numerous stories of patriotic 
women working for the war effort. For example^ 
June Franklin's job was to nail the wooden bot¬ 
toms onto TNT boxes. She had fourteen cl ose rel a- 
ti ves fighting in the war, and when she I earned that 
her husband had been wounded in action in North 
Africa, she immediately walked into the Plum 
Brook payroll office, bought a war bond, and 
signed her name to the bottom of a TNT box. She 
vowed never to miss a minute of work and said, 
"Everytimel driveanail into the bottom of a TNT 
box I feel that I'm driving a nail into the Axis 
coffin." 13 

In 1945, World Warll came to an end. In early 
M ay, Germany surrendered, and three months I ater, 
after the devastating atomic bomb attacks, Japan 
surrendered. President Harry Truman announced 
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Image 17: A drawing from the Plum Brook 0 rdnance N ews reminding women of the proper placement of their 
identification badges. Courtesy of M ilan Public Library. 


that the war was over via a radio broadcast that 
night, and proclaimed the next two days as a 
national holiday. Simultaneous celebrations 
spontaneously erupted through the U nited States. 
In nearby Akron, Ohio, nearly the entire city 
celebrated on Main Street, which was filled with 
"peopleyellingand huggingeach other and moth¬ 
ers of G.I.s crying." 14 At Plum Brook the celebra¬ 
tions were more muted. One observer said, "There 


was quiet elation of course^ and here and there 
especially among female employees there were 
misty eyes and tears of happiness because their 
loved ones were safe at last." 15 

After the Japanese surrender, the production 
at Plum Brook came to an end. For three-and-a- 
half years it had operated twenty-four hours a day, 
seven daysa week, with onlyafew work stoppages. 
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HEALTH TIPS TO WOMEN WAR WORKERS 



Image 18: This poster was issued by the Women's Bureau to help ensure that women workers did all they could to remain 
healthy and safe while on the job. (N ational Archives and Records Administration. N W D N S-44- PA-946) 
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I mage 19: Employees at Oak Ridge N ational Laboratory celebrating the end of World War II. Spontaneous celebrations erupted 
all over the country when Japan surrendered. (1945) (Department of Energy Photo 946-26) 


Eighteen million hours of labor had produced 
nearly one billion pounds of explosives, with no 
fatalities. Several months were needed to dose and 
"decontami nate" thefaci I i ty, so that the enti re site 
could be returned to the government. 16 Suddenly, 
Plum Brook was silent again. Someobserved a re¬ 
turn to nature as they left the pi ant for the last time 
Forfouryears, since ground was first broken, peace 
and quiet had been absent from these lands. Now 
there was a "gloriously blue sky overhead" and 
sounds of "what seemed like a thousand birds 
throati ng a medl ey of songs j ust as if the feathered 
songsters knew that peace had come at last to the 
world of men.'' 17 


As Plum Brook went quiet, the nation began 
to wrestl e with the real iti es of the new atomi c age 
The war ended with the detonation of an atomic 
bomb, but could the technology that enabled this 
deadly devi ce be used for other appl i cati ons? This 
quest became the goal for scientists working at an 
increasing number of research and test reactors 
built throughout the United States. 
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Image 20: Workers dig up transit lines, flumes, and buried TN T at Plum Brook. The explosive remains were then detonated 
safely elsewhere. Despite claims that there would be no long-term damage to the land, by 1948 it became evident that the Plum 
Brook site had suffered considerable contamination. During the early 1950s the land became a subsidiary of the nearby Ravenna 
Arsenal and was subjected to even more contamination. TheNACA attempted to clean up the area in the mid-fifties. The United 
States Army Corps of Engineers is still working on the project today. (1956) (NASA C-2003-826) 
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The Dream of a Flying Reactor 


After Worl d War 11, the U nited States mi I itary 
began envisioning ways to take advantage of 
nuclear technology for its weapons arsenal. Since 
the Army had already developed an atomic bomb, 
it hurriedly began workingon even more destruc¬ 
tive applications, namely, a nuclear warhead fora 
missile^ whiIe the Navy successfully built the USS 
Nautilus, a nudear-powered submarine The Air 
Force began its nuclear initiative on 10 October 
1945, when J. Carlton Ward, Jr., president of 
Fairchild Engine and Airplane Corporation, testi¬ 
fied before Congress on behalf ofthe post-war avia- 
ti on i ndustry. H e cl ai med that the nati on that fi rst 
developed an atomic airplane would have an un- 
paral I el ed tacti cal advantage i n futu re co nfI i cts. 18 
Thus was born a fifteen-year, billion-dollar quest 
to put a nucl ear reactor i nto an ai rpl ane for use as 
a fuel source The apparent benefits appeared well 
worth the risk. Some believed that nuclear air¬ 
planes would be able to fly for months without 
the need to refuel. With the heightening tension 
of the Cold War and the increasing rumors that 
the Soviets were close to developing their own 


nucl ear ai rpl anq theAmerican government quickly 
launched a massive effort to close the perceived 
gap. 

A great number of technical problems needed 
to be solved. 19 For example^ the crew would have 
to be shielded from the onboard reactor for obvi¬ 
ous safety reasons Traditional shielding was so 
thick and heavy that it would significantly com¬ 
plicate liftoff. Another safety problem was the 
danger to people on the ground. Should the plane 
crash, many o bservers tho ught th at th e effect wou I d 
be similar to the detonation of a hydrogen bomb. 
Others in the nuclear field tried to reassure the 
skeptics that these predicted dangers were 
unrealistic. Lesser concerns consisted of finding 
materials that could withstand the high operating 
temperatures of the reactor. 20 Despite the contro¬ 
versy, Pratt & Whitney, Convai r, the U .S. Ai r Forces 
Lockheed, and General Electric all began develop¬ 
ing reactor testing technologies to try to solve the 
myriad technical problems associated with the 
nuclear airplane 
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Image 21: Abe Silverstein, director of Lewis Research Center, addresses an audience about the benefits of nuclear propulsion. In 
the background is a display titled "Nuclear Energy Research Technology" that features images of nuclear rockets and uses for 
thermoelectric power. (1961) (N ASA C-1961-58359) 



Image 22: Launched on 21 January 1954, the U SS N autilus was the world's first nuclear submarine. The nuclear engine 
enabled the craft to remain submerged for weeks. After its success, the U ,S. government became interested in constructing 
atomic-powered airplanes, which, it hoped, would have the potential to remain in flight for weeks without refueling. (N ational 
Archives and Records Administration, N WDNS-80-G-709366) 
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Image 23: N AC A officials inspect Plum Brook 0 rdnance Works buildings to determine if they could be used for the N AC As 
purposes. When the inspectors opened up many of the buildings, they found rooms with calendars, coffee mugs, and papers as 
they had been left the day the Ordnance Works closed down. An eerily similar scene would be encountered forty years later by 
the decommissioning team in the Plum Brook Reactor Facility. (1958) (N ASA C-1958-47291) 


In 1951, theNACA began to explore the possi¬ 
bility of developing its own nuclear reactor to as¬ 
sist i n thedevel opment of the nud ear ai rplane The 
NACA was uniquely qualified to take the lead in 
the endeavor because of its expertise as an aero¬ 
nautics laboratory. This government agency was 
al so i mportant because it wi 11 i ngly shoul dered the 
ri sks asso ci ated w i th creati n g i n n o vati o n s. Vi rgi n i a 
Dawson wrote "By assumi ng the costs of research 
and testi ng, the government coul d pursue promis¬ 
ing new technology, regardless of blind alleys and 
fal se starts ." 21 The N ACA sel ected the Lewis FI i ght 
Propulsion Laboratory in Cleveland, Ohio, to de¬ 
sign and build the reactor. Representatives from 
the I aboratory exami ned ni neteen sites i n Ohio and 
Pen n syl van i a f o r th e reacto r f aci I i ty. Th e si tes were 
judged with a predetermined list of criteria based 


on safety, cost, and accessibility. Lewis representa- 
ti vesfi nal ly chose the PI um Brook O rdnance Works 
because it was near to Cleveland and already had 
much of the infrastructure required to operate a 
nuclear reactor. 22 

Not just at Plum Brook, but throughout the 
United States, the government took the lead in 
developing test reactors. These projects exempli¬ 
fied the "big science" era. Big science was a new 
trend in research characterized by expensive pro¬ 
grams massively funded by external agencies 
and patterned after the Manhattan Project. 23 The 
government made big science possible thro ugh its 
willingness to spend large amounts of money to 
devel op projects whose outcomes were unknown. 
Th i s acti vi ty too k pI ace at n ati o n al I abo rato ri es I i ke 
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Primary Document #2 

The following document is an excerpt from a report that selected Plum Brook as the ideal site to 
construct the NACA test reactor. 


SITE SURVEY FO R N ACA RESEARCH REACTO R 
September 13, 1955 

Prepared for N ACA by the N uclear DevelopmentCorporation of America 
W hite Plains, N ew York 

This report summarizes the studies and evaluation of nineteen sites considered for 
location of a high-flux nuclear research reactor facility which is being designed by the 
Lewis Flight Propulsion Laboratory of the N ational Advisory Committee for Aeronau¬ 
tics. The research facility is to be used primarily for engineering studies and perfor¬ 
mance test evaluation of aircraft reactor power plant systems and 
components... simulating actual operating conditions. 

The location of nineteen possible sites which have been considered includes: Altoona, 
Pennsylvania; Ashtabula, Ohio; Confluence, Pennsylvania; Cumberland, Maryland; 
DuBois, Pennsylvania; Fairport, Ohio; Indiana, Pennsylvania; Johnson Island, Ohio; 
Kittanning, Pennsylvania; Lorain, Ohio; Perrysville, Ohio; Plum Brook Arsenal; Por¬ 
tage, Pennsylvania; Ravenna Arsenal; Saxton, Pennsylvania; Seward, Pennsylvania; 
Strongsville, 0 hio; Susquehanna 0 rdnance Depot; Twinsburg, 0 hio. 

It is concluded, as a result of this survey, thatthe most desirable site is in Plum Brook 
Arsenal, which is located in a sparsely populated area three and one-half miles south 
of Sandusky, Ohio. From a technical standpoint, this is among the best of the sites 
surveyed. Its favorable safety characteristics are inherited directly from the Arsenal’s 
own requirements for both intra- and extra-site safety. Site development costs and the 
cost of maintaining security should be a minimum, since it is an active G overnment- 
owned facility with security fences and patrols, roads, and other services already 
established. The proximity to the Lewis Flight Propulsion Laboratory (fifty miles, one 
hour travel by car) will permitfull utilization ofthe administrative and technical person¬ 
nel and the extensive facilities ofthe Laboratory. This situation should contribute greatly 
to the reduction of the cost of establishing and operating the facility. 
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Image 24: This map shows Plum Brook's location relative to Lake Erie and several N orthern Ohio cities Plum Brook's only 
disadvantage was the relatively large population in nearby Sandusky. However, it was decided that any experiment deemed too 
risky would be sent to more remote test reactors in Idaho Falls like the M aterialsTest Reactor or the Engineering Test Reactor. 
(NASA CS-12374B) 
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Image 25: Argonne N ational Laboratory-West. Argonne's western site opened on 18 February 1949 in Idaho to serve as a testing 
ground for different types of reactors Similarly to N ASA Lewis and Plum Brook Station, Argonne's basic research was conducted 
at the main laboratory near Chicago, and nuclear facility testing and development was performed at the Idaho site. In December 
1951, the Experimental Breeder Reactor I (EBR-1), the world's first nuclear power plant, produced the world's first nuclear- 
derived electricity. Other Argonne facilities included the M aterials Test Reactor (1952-1970), the Engineering Test Reactor 
(1957-1982), and the Advanced Test Reactor (1967- present). (Department of Energy Photo 2001951) 


Argonne; Oak Ridge; Brookhaven, and Los Alamos 
Nuclear research was given a high priority, and 
these laboratories took the lead in developing test 
reactors. Between 1942 (when the first research 
reactor was built) and 1962 (when Plum Brook 
was in operation), the government constructed 
seventy-seven research and test reactors. 

There were two other reasons why the U.S. 
government led the exploration into nuclear re¬ 
search. The first was secrecy. While much of the 
research generated at governmental facilities was 
eventually declassified for transfer to industry, as 
it was being produced it remained classified. The 


restricted environment of the typical government 
laboratory was essential when research was directly 
tied to national security issues. Second, national 
laboratories had the luxury of assembling a wide 
variety of specialists who could be brought together 
for a common goal. The pri me exampl e of thi s was 
the Manhattan Project's grouping of talent to 
achieve a vast, complex, yet single-minded goal that 
woul d have been far beyond the capabi I i ti es of any 
university laboratory or corporation. Since these 
specialists were all under the control of a single 
entity, such as the Atomic Energy Commission 
(AEC), their focus could be redirected at the 
govern ment's d i screti o n. 
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Image 26: The aircraft in these photos, a B-36 bomber converted to run a non propulsive test reactor during flight, flew forty- 
seven times between 1955 and 1957 over Texas and New Mexico. A nuclear-powered airplane was never flown. Engineers were 
aware of the multiple problems associated with an atomic plane, but they remained excited about the long-term possibilities 
(Department of Energy) 
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Image 27: Guards M ilton M iller (left) and John M etcalf inspect the badge of Frank Waters of the Joint AEC Department of 
Defense (DO D) Information Office. N otice the mushroom cloud on the shoulder patch. Although the mission of the security 
forces has not changed over the last forty-two years, uniforms, communication equipment, and vehicles are substantially 
different. (1960s) (Department of Energy, N evada 0perationsOffice) 
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Designing the Plum Brook Reactor 


Engineers already working at the Lewis labo- 
rato ry were gi ven the task ofdesigningthe reacto r. 
Dr. Theodore "Ted" Hallman had a Ph.D. in 
nuclear engineering and was the first division 
chi ef of the PI um Brook reactor. H e worked on the 
reactor design and managed the startup test pro¬ 
grams at Plum Brook. Most of his colleagues had 
no background in the nuclear field and taught 
themselves by studying nuclear engineering text¬ 
books from the library. 24 Sam Kaufman, an engi¬ 
neer, also worked with Hallman on the design, 
though he had little nuclear training. His right- 
hand man was Alan "Hap" Johnson, who eventu¬ 
ally becamethe head of Plum Brook Station itself. 
These men also augmented their studies by visit¬ 
ing other test reactor facilities at Oak Ridge, 
Lockheed, and Idaho Falls. Through this process 
they were abl e to master the concepts and bui I d a 
unique and powerful test reactor that had an un- 
paral I el ed emphasi son experi mental faci I i ti es. Abe 
Silverstein also established a nuclear training 
school atLewisto provide broad training in nuclear 


appl i cati ons Though few of the hi gh-l evel attend¬ 
ees actual I y went to work at PI um Brook, teachers 
I i kej i m Bl ue consulted duri ng i ts devel opment and 
operation. 25 

I n the si mpl est terms, a nud ear reactor creates 
energy by I iteral ly spl itti ng atoms, the basi c bui I d- 
i ng bl ocks of matter. Atoms were once thought to 
be indivisible; but in the twentieth century, scien¬ 
tists d i scovered that they coul d beartificially split 
or fissioned. Nuclear fission occurs when a neu¬ 
tron collides with the nucleus of an atom. Once 
this division occurs, the nucleus releases a large 
amount of kinetic energy, which is the source of 
the power found in atomic bombs and nuclear 
reactors. All nuclear reactors generate energy 
through thisfission process. 

At the center of both power and test reactors i s 
the active core; which iswhere the nuclear fuel, or 
fissionable material, is located. It is here that the 
chai n reacti on occurs and al I the energy is rel eased. 
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I mage 28: First-level floor plan for the reactor building (no. 1111) at the Plum Brook Reactor Facility. (Plum Brook Reactor 
Facility Archives) 


Thefuel comes primarily from uranium isotopes, 
wh i ch are ato ms th at are ch em i cal I y eq u i val ent b ut 
different in mass. Uranium-235 is the principal 
isotope for the fission process; though uranium- 
238 isalso present, it contributes very little to the 
process. The reactor becomes extremely hot dur¬ 
ing the chain reaction. A coolant mechanism is 
used, normal Iy water, to carry away the heat. A re¬ 
flector made of a material that prevents neutrons 
from leaving the pile surrounds the core It gets its 
namefromthe fact thatneutronsl eavi n g th e reac- 
tor core hit the reflector and are returned to the 
core Whilethereflectorcan savea majority of these 
neutrons, some do escape and leak out of the pile 
Shielding, usually constructed with steel, water, 


and concrete, is used to contain the radiation 
around the reactor core and protect people from 
the dangerous effects of radiation. The shielding 
materials effectively block the gamma, beta, and 
neutron radiation produced bythechain reaction. 
The shielding can also get very hot from the radia¬ 
tion (though much I ess so than the reactor), and 
the coolant helps to cool it as well. Reactor com¬ 
ponents called "moderators" enable scientists to 
control the speed of theneutronsso they will move 
at the proper velocity to split the nucleus. The 
moderator can be a solid, such as graphite; or a 
liquid, such as water. 
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Image 29: First-level floor plan for the hot laboratory (no. 1112) at the Plum Brook Reactor Facility. (Plum Brook Reactor 
Facility Archives) 
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Image 30: 0 ne of the rare women physicists at N ASA Lewis Research Center, working on an atomic laboratory experiment that 
pushed a gasat low pressure through a high-voltage discharge. (1957) (NASA C-1957-45726) 


Another important part of the reactor are the 
control rods. If the reaction becomes unbalanced, 
with either too few or too many neutrons causi ng 
fission,thenitcouldeitherdieoutor accel erate to 
dangerous proportions. Scientists use the control 
rods to regul ate the process. These are usual ly made 
of boron or cadmium, elements that absorb the 
extra neutrons. Lowering or raising the rods into 
the core is a way of fine-tuning the reaction; the 
level of the rods controls the neutron absorption 
rate The deeper they are i n the core; the more neu¬ 
trons are abso rbed an d th e si ower th e reach o n. Th e 


f u rth er th ey are pu 11 ed o ut, th e mo re reach o ns take 
place 

Th ere are th ree mai n types of n u cl ear reacto rs: 
power, research, and test. Research and test reac¬ 
to rs as sci enti fi c too I s are mo re co mmo n th an most 
people realize While power reactors frequently 
appear i n newspaper headl i nes and are conspi cu- 
ous because of their size and power, research reac¬ 
tors can bequietlytucked away, even in the midst 
of a col I ege campus. Power reactors generate heat, 
which can easily be converted to other useable 
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Image 31: The reactor core area from the top of the pressure tank. The reactor core (right side of the box) comprises a uranium- 
fueled section (a center array of three holes by nine holes for fuel control rods) surrounded by reflector material or experiments, 
to compose the complete four- by eleven-hole core array. The fueled core contains twenty-two stationary rods and five moveable 
cadmium and fuel control rods The reflector material on three sides includes two cadmium and beryllium moveable regulating 
rods, three similar shim safety rods and twelve fixed reflector plugs or experiments. The fueled core housing has reflector plates 
on the right and left sides and aluminum end-plates Alongside the fueled section is a large four- by eight-hole reflector section 
(left side of the box), which provides facilities for inserting up to thirty-two experiments, one for each hole. The whole core 
structure sits on a stainless steel rack in the stainless-steel-lined pressure vessel (nine feet in diameter by thirty-one feet high). 
Three thermal shields are visible (the three rings) around the core. Two large vertical test holes run next to the ends of the core. 
0 ne large tube runs through the large reflector section and another runs next to the fueled section. Three smaller beam tubes 
abut the right side of the core and three others are on the reflector side (left). (1961) (NASA C-1961-55533) 
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Image 32: ThePlum Brook reactor's core, as demonstrated by the manufacturer prior to installation in the reactor pressure tank. 
(NASA C-2003-828) 
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Image 33: Before construction began on the nearby Davis-Besse nuclear power reactor (pictured here), community leaders 
examined the safety of the Plum Brook facility for reassurances that a nuclear reactor could coexist within a populated area. 
(Cleveland Press Photo Collection— "Atomic Energy Facilities: Davis-Besse") 
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Image 34: A Plum Brook representative explains a diagram showing the main elements of the Plum Brook reactor core. The 
numerous test holes and rabbit tubes were what made the Plum Brook reactor unique. Few other test reactors in the U nited 
States had the ability to irradiate as many test materials simultaneously. (N ASA C-2003-1039) 


forms of energy, such as electricity. Research reac¬ 
tors operate at very low thermal power levels—so 
I ow, i n fact, that they do not even requi re any type 
of forced cool i ng. They are used to measure nud ear 
parameters and other characteristics, which can 
then be used to build other reactors or to design 
experi ments f o r test reacto rs. Test reacto rs are mo re 
powerful than research reactors and are able to 
produce much more intense radiation fields. 
Though they are sti 11 much I ess powerful than the 
power reactors, they generate enough heat to re¬ 
qui re a closed-loop forced-circulation coolant 
system. Thi s system wi 11 remove the heat from the 
reactor by transferring it to a secondary cooling 
system, which releases it into the atmosphere 
through cooling towers. 


Radiation is produced for research i n theform 
of controllable neutron fluxes, which are very 
i nten se f i el ds i nto wh i ch h ard ware componentsor 
electronic, structural, orfuel materials are placed. 
Objects are tested to determi nethe effect of radia¬ 
tion on physical properties such as strength, brittle¬ 
ness, or elasticity. Items are exposed to neutron 
radiation for a specified length of time^ removed, 
and transferred to hot laboratories, which are 
shi el ded cel Is where engi neers and techni ci ans can 
safel y an al yze th e i rrad i ated experi ments. H ot I abo- 
ratories are important because materials exposed 
to nuclear radiation become radioactive and emit 
gamma rays. Operators peer through thick glass 
windows and use daw-like robotic manipulator 
arms to carryout chemical and physical tests with¬ 
out being exposed to the deadly radiation. 
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Image 35: Artist's rendering depicting the group of scientists, which included Enrico Fermi, gathered around the first chain 
reaction on 2 December 1942. The team began work at 8:30 a.m. Slowly, over the course of the morning, they pulled out several 
of the control rods and monitored the graphs W hen an automatic rod accidentally shut down the reaction, Fermi abruptly broke 
for lunch. The slow, tense operation resumed with rods being withdrawn inches at a time at Fermi's command. At 3:25 p.m., 
they had achieved the first self-sustaining chain reaction. Twenty-eight minutes later, Fermi ordered Walter Zinn to insert the 
"zip" rod and the reaction was shut down. (N ational Archives and Records Administration N W D N S-326-DV-4 [4]) 


Since the completion of the first nuclear re¬ 
search reactorin 1942 at the University of Chicago, 
672 facilities have been builtthroughouttheworld. 
The U nited States has bui It the most research and 
test reactors worldwide, with 227 sites, 
followed by the former Soviet Union with 97. 
National laboratories, universities, private indus¬ 
try, and the mi I itary constructed these reactors and 
were responsi bl efor the gol den age of research and 
test reactors in the 1950s and 1960s. During these 
decades* 193 research facilities became operational, 
compared to a combined total of only 34 reactors 
i n the years before 1950 and after 1969. These re¬ 
actors were the centerpi ece of the Ameri can nud ear 
initiative after World War II, and invaluable re¬ 
search tools for American scientists who were us¬ 
ing radiation for di versefieldsof experi mentation. 


Plum Brook'smain n ucl ear facility wasa light- 
water-cooled and moderated sixty-megawatt test 
reactor. Additionally there was a 100-kilowatt re¬ 
search Mock-Up Reactor (MUR), which was used 
to design experiments for the main reactor. In this 
kind of reactor, the fuel elements were in a pool 
and the water functioned as a reflector, modera¬ 
tor, and coolant. The AEC recognized that there 
were such significant differences between research 
and test reactors that they began to issue separate 
I i censes for them. The PI um Brook Test Reactor was 
given the number TR-3, which signified that it was 
th e th i rd test reacto rlicensedintheUnited States. 

The emphasis on testing was what made 
Plum Brook different from other reactors at the 
time 26 The reactor itself had two horizontal holes, 
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Image 36: View into the reactor core of the M aterialsTest Reactor (MTR) at Idaho Falls. The 30,000-kilowatt test reactor first 
went critical on 31 March 1952 and operated until 23 April 1970. The core designs and fuel elements of virtually every 
American nuclear reactor, including Plum Brook Reactor, were influenced by studies at the M TR. (Department of Energy Photo 
1002147) 


six horizontal beam holes, and forty-four in-core 
test I ocati ons. Experi mental materi al s coul d be sent 
hydraul ical ly i nto the hoies i n ti ny capsuledevices 
called "rabbits," or they could be irradiated from 
the neutrons emanati ngfrom the beam hoi es. The 
engi neers woul d determi ne the effects on the ma¬ 
teri al s su bj ected to rad i ati o n an d th i s basi c research 
could then be used to help design variouscompo¬ 
nents f o r th e n u cl ear ai rp I an e p ro gram. Th e en ti re 
facility cost $15 million to build. 27 

In 1956, the NACA sought AEC approval for 
the construction of the test reactor. The NACA 
planned that the facility's main area of research 


would be testing materi alsfor a nuclear airplane 
This included the effects of radiation on aircraft 
components, shield refinement, and related 
nuclear and solid-state physics. The pump loop 
experi ments were to be the most i mportant. This 
research would all take place under simulated 
aircraft reactor conditions. The AEC granted its 
approval, and in September 1956 the ground¬ 
breaking ceremony took place in Sandusky. 28 
Congressman A.D. Baumhart, AbeSilverstein, and 
several N ACAI eaders spoke at the ceremony, prai s- 
ing the local leadership and stating that Plum 
Brook was selected in part because of its progres- 
sive, forward-thinking community. 29 
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Image 37: Control rods for Plum Brook's M ock-U p Reactor, which entered the core from above. In the Plum Brook reactor, the 
control rods entered the core from below. Three types of control rods were used in the Plum Brook reactor: two hydraulically 
controlled regulating rods to provide precise control of the reactor power level; three mechanically controlled reflector rods to 
provide a coarser level of control (the reflector rods had a quick release to allow them to drop and scram the reactor, if 
necessary); and five fueled shim rods, which performed the same functions as the reflector rods (NASA PS63-0007) 



Image 38: Atomic Energy Commission (AEC) officials with Abe Silverstein (front row, sitting third from left), working out the 
final reactor licensing issues. It is said that Silverstein told AEC Director Glenn Seaborg that the officials could not leave until a 
deal was struck. Because Plum Brook was a federal facility, it was not required to file for an AEC license, but to promote peace of 
mind in the nearby community and maintain safety, N ASA officials decided to work through the commission. They received the 
AEC designation Test Reactor 3 (TR-3). (N ASA C-1964- 69271) 
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Primary Document #3 


The following document is an excerpt from a local newspaper article reporting on the groundbreaking 
ceremonies atthe Plum Brook reactor in September 1956. 


"BREAK GROUND FO R REACTO R H ERE" 

The Sandusky Register Star-N ews 
September 26, 1956 

Silver pick, shovel start work on Lab. 

N uclear Project at Plum Brook ready in 3 years. 

Dr. Edward Sharp, director of the NACA Lewis Laboratory at Cleveland, using a silver 
shovel, and Congressman A.D. Baumhart, Jr., Vermillion, with a silver pick, loosened the 
ground to mark the formal start of construction of the reactor which is scheduled to be 
completed within three years and be staffed by approximately 50 aeronautical scientists 
and 100 other employees. 

Dr. Sharp explained that N ACA's primary interest in atomic power is conversion of the 
energy generated in a reactor to useful thrust in the most efficient manner possible... He 
added that the airplane powered by the atom will be capable of flying non-stop to any 
pointon earth without refueling, and its flightendurance will be limited only by the endur¬ 
ance of its crew. 

Abe Silverstein, associate director of the Lewis Laboratory, said of the reactor: "Despite 
recent important advances in aerodynamic efficiencies for aircraft at supersonic speeds, 
nuclear power still is the 'shining hope’ for increasing the range of aircraft at high speeds 
and for increasing aircraft ranges to values obtainable with conventional special chemical 
fuels. A long range bomber may carry 100,000 pounds or more of fuel. A piece of 
Uranium 235 with the same energy contentwould weigh less than one ounce.” 
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Constructing the Reactor 


The construed on of PI um Brook requi red a great deal of effort between thefi rst groundbreaki ng i n 
1956 and first criticality in 1961. During this span of five years, construction efforts reshaped the 
land and resulted in a powerful nuclear test reactor. The following photographic section docu¬ 
ments this effort. 


' 


Image 39: Congressman Baumhart watched as Lewis Laboratory D irector Dr. Edward Sharp dug the first shovel of dirt at the 
September 1956 groundbreaking ceremony for the Plum Brook Reactor Facility. The silver pick and shovel are the same ones 
used for the 1941 groundbreaking of the N AC A Lewis Laboratory in Cleveland, Ohio. (N ASA C-1956-43032) 
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Image 40: Controlled fire to demolish unwanted Ordnance Works structure. U pon taking possession of Plum Brook, the N AC A 
inventoried all the Ordnance Works structures and decided to retain forty-one of them, demolishing over 600 other buildings 
In addition, threeTNT areas and underground waste disposal lines had to be destroyed and decontaminated. 

(NASA C-2003-829) 
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I mage 41: The Plum Brook Ordnance Works' Pentolite Area was demolished and decontaminated. It was on these 117 acres of 
land that the reactor facility was constructed. (NASA C S-18957) 
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Image 42: The Plum Brook Reactor Facility construction began when crews excavated a hole in the ground for the pressure tank. 
The tank extended approximately thirty-two feet under ground. The steel containment vessel, which was more than 100 feet high 
(fifty-five feet above grade and fifty-six feet below grade), surrounded the reactor tank area and the surrounding quadrants and 
canals It was designed to prevent any radioactivity from being released if an accident were to occur in the reactor. This safety 
precaution was essential because of the nearby communities. M any other large reactors did not have such safety features. For 
example, the M aterialsTest Reactor in Idaho Falls had no shield because small amounts of contamination could be released into 
the atmosphere without endangering the public. (1958-60) (NASA C-2003-830) 
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I mage 45: The pressure tank was shipped to Plum Brook via railway, and transported to the reactor facility on a flatbed truck. 
The tank was then rolled to a crane, which lifted it into place at the center of the unfinished quadrant area. Several pipes 
jutted out from the tank. These "test holes" would be used to transport experiments to the reactor core for radiation during its 
operating cycles (c. 1959) (N ASA C-2003-833) 


Constructing the Reactor 


53 












N ASA's N uclear Frontier: The Plum Brook ReactorFac 



54 










Constructing the Reactor 


55 
































Image 48: Because it bore a resemblance to the Soviet's first orbiting satellite, engineers scrawled the word "Sputnick" into 
the side of the pressure tank. Though misspelled, this was perhaps a not-so-subtle reminder of the Cold War space race. It was 
hoped that the basic experimental science conducted at Plum Brook would play a vital role in the development of a nuclear 
rocket. (NASA C-2003-835) 
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Image 50: A worker spray paints one of the quadrant walls and a shielding wall surrounding the reactor pressure tank. The 
quadrants were twenty-five to twenty-seven feet deep and filled with water. The water provided shielding for the radioactive 
materials that were transported along the canal basin. (N ASA C-2003-837) 
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Image 51: Plum Brook had two pumping stations to obtain raw water from nearby Lake Erie. The reactor required one million 
gallons of water daily for cooling, shielding, and dilution of radiation. The main one was at Rye Beach (pictured) and the 
other was at Big Island. They were initially constructed in 1941 for the 0 rdnance Works and were closed in late 1945. In 
M arch 1958, N ACA assumed control of both facilities but it took several years of repairs and cleaning before both would 
consistently function properly. They were connected to Plum Brook by 5.9 miles of 24-inch steel piping. Together, they could 
pump 51 million gallonsof lake water per day. (1983) (NASA C - 2003-838) 


.r 


Image 52: A diver emerges after working on the Plum Brook water pumps in Lake Erie. D ivers had to flush the intake line and 
clear it of mud, silt, and debris regularly. (NASA C-1961-58167) 
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Image53: The Plum Brook Guardhouse. (NASA C - 2003- 850) 
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Image 54: The Plum Brook reactor complex consisted of numerous research facilities and support buildings The containment 
vessel's silver dome was at the center of the main reactor building. The reactor office and lab building was located in the 
immediate foreground, and the hot laboratory was adjacent on the right. Across the road to the left was the reactor office 
building, and assembly, test, and storage building. Behind it was the large, white helium storage structure. Behind the reactor 
building were the service equipment building, the cooling tower, and the water tower. The fan house and waste-handling 
building were behind the hot laboratory. (1969) (NASA C -1969-10920) 
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The following documentis a reportdetailing the potential radioactive hazards posed by the Plum Brook 
reactors. It was first submitted to the A EC in 0 ctober 1956 and then revised in 1959. The following is an 
edited excerpt from the over-400-page summary. 

FINALHAZARDS SUMMARY NASA PLUM BROOK REACTO R FAC ILITY, 

December 1959, edited A.B. Davis, B. Lubarsky, and T.M . Hallman 

The Lewis Research Center of the N ational Aeronautics and Space Administration has 
built a nuclear research reactor at the NASA Plum Brook Research Facilities (formerly 
known as the Plum Brook 0 rdnance Works) near Sandusky, 0 hio. The purpose of this 
report is to provide information to the U.S. Atomic Energy Commission concerning the 
design of the reactor facility, the characteristics of the site, the hazards of operation at 
this location, and general operating and emergency procedures. 

To achieve good coordination of the reactor research with programs on the other propul¬ 
sion system components, the reactor was constructed at the N ASA Plum Brook Facilities. 

The reactor facility is located 3000 feet from the closest border of the site, three miles 
from Sandusky, a city of 35,000 people, and fifty miles from the Lewis Research Center 
in Cleveland, O hio. 

During the period when the site for the N ASA reactor was selected, consideration was 
given to a more remote site such as the N RTS [N ational Reactor Testing Station] site in 
Idaho. The N ASA Plum Brook Facilities offered a number of advantages compared to a 
site of this type. 

The surrounding population density is the chief disadvantage of the Plum Brook Site 
compared to a more remote location. This factor may prohibit the performance of a few 
very hazardous experiments atthis site. Any experiment vital to the progress of scientific 
knowledge or nuclear propulsion which is deemed too hazardous for the Plum Brook 
Site, could readily be carried outatMTR [M ateria Is Test Reactor] or ETR [Engineering Test 
Reactor], This fact minimizes this disadvantage of the Plum Brook Site. 

An analysis of the consequences of failure or malfunction of equipment has been made 
for the purpose of estimating the consequences of the unplanned release and dispersion 
of radioactive materials. The analysis deals with accidents which may introduce hazards 
from the following sources: (1) Failure or malfunction of component parts of the reactor 
or of component parts of the reactor cooling, electrical, or control system. (2) Failure or 
malfunction of experiments in any of the radiation facilities of the research reactor. (3) 

Acts of G od, sabotage, negligence. (4) M aximum credible accident. 

[A maximum credible accident] is the excursion resulting from the inability of the control 
system to compensate forthe addition of a large step-increase in reactivity to the reactor. 

In this excursion, the reactor power and temperatures increase rapidly until some inher¬ 
ent self-limiting process in the reactor stabilizes the situation or until the reactor disas¬ 
sembles itself. The runaway to destruction in a reactor of this type would probably in¬ 
clude the melting of the fuel plates, an explosion in the reactor pressure tank, and the 
scattering of radioactive materials. It is an event which could create a considerable 
hazard both forthe operating personnel and the general populace. 
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Kennedy's N ew Dream 


D u ri n g th e f i ve years of PI u m Broo k's co n struc- 
tion, both the government and the U.S. Air Force 
lost their enthusiasm for the nuclear airplane 
program. Itturned out that the reports stating that 
the Soviet Union was close to building its own 
nud ear ai rpl ane were untrue Al so, progress on tra- 
ditionallyfueled airplanesenabledthemto begin 
perfo rm i n g at I evel s th at were o n ce th o u ght ach i ev- 
abl e onl y by a nud ear ai rpl ane Bombers were now 
able to fly to Moscow and back, and interconti¬ 
nental bal I i sti c mi ssi I es (I CBM s) armed with smal I 
nuclear warheads could be launched from the 
U nited States and accurately hit targets i n the So- 
viet Union. In March 1961, President John F. 
Kennedy delivered a message to Congress on the 
defense budget, which became known informally 
as the "ki ss of death for the atomi c pi ane" H e sai d 
th at despi te th e ti me an d mo n ey (f i fteen years and 
$1 billion) that had been sunk into the project, 
"the possi bi I ity of achi evi ng a mi I itari ly useful ai r- 
craftin the foreseeable future is sti 11 very remote" 


As a result he planned to "terminate development 
effort" on the nuclear airplane 30 

Suddenly, just months before the Plum Brook 
reactor was to go critical (meaning that it would 
be able to sustain a nuclear reaction or reach 
criticality), its primary research objective was elimi¬ 
nated. But the Plum Brook engineers, still finish¬ 
ing construction on their fad I ity, did not have to 
wait long to have a new assignment handed to 
them. Despite the end of the nuclear airplane^ 
Kennedy did not lose his enthusiasm for nuclear 
technology. The nation had also been working on 
a nud ear space i ni ti ati ve si nee 1955, and this was 
the brave new world that Kennedy wanted to ex¬ 
plore Less than two months later he delivered his 
famous "Urgent National Needs" speech before a 
jointsession of Congress about landing a man on 
the Moon before the decade was out. He said, 
"Now it is time to take longer strides—time for 
a great new American enterprise—time for this 
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Image 55: President Kennedy emerges from a tour of the nuclear rocket test facilities at Jackass Flats, N evada. At his right is the 
head of the Atomic Energy Commission, Glenn Seaborg, and in front of him is FI arold Finger, the head of the joint AEC-N ASA 
Space Nuclear Propulsion Office. (FI arry Finger Collection) 


nation to take a clearly leading role in space 
achievement, which in many ways may hold the 
key to our future on Earth." H e wanted the enti re 
nation to commit itself to achieving this goal 
quickly and efficiently as before its rival super¬ 
power, the Soviet Union, could do so. What isof- 
ten forgotten about this speech is that Kennedy 
also advanced an even more compelling dream. 
Though just months before he had cancelled the 
nud ear ai rpl ane^ now he cal I ed for i ncreased fund- 
ingto develop a nuclear rocket. Hesaid, "Thisgives 
promise of some day providing a means for even 
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more exciting and ambitious exploration of spacer 
perhaps beyond the M oon, perhaps to the very end 
of the solar system itself.'' 31 

The development of a nuclear rocket was a 
highly complex undertaking (even more so than 
the nuclear airplane), and advanced research fa¬ 
cilities like Plum Brook would play a role in its 
development. One important advantage of the 
nuclear rocket was its high specific impulse (a 
measure of the miles per gallon that would be 
possible with hydrogen fuel propellant, which 
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Image 56: President Kennedy operates a remote manipulator like the ones found in the hot laboratory at Plum Brook. This one 
was used to disassemble radioactive parts from a nuclear rocket reactor that had been sent to Los Alamos from the N uclear 
Rocket Development Station at the N evada Test Site. Harold Finger accompanied him on the trip and recalled, "There's no 
question about it. [Kennedy] enjoyed seeing the equipment. H e actually played with some of the remote manipulators and I can 
tell you he was beaming as he was doing it. After meeting these outstanding scientists at Los Alamos and seeing the facilities in 
N evada, he was really excited about the whole thing." 32 (H arry Finger Collection) 
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Image 57: An advertisement for N ERVA, the N uclear Engines for Rocket Vehicle Applications program. Aerojet General Corp. 
and Westinghouse were primary contractors who operated under N ASA-AEC's Space N uclear Propulsion Office. (H arry Finger 
Collection) 
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Image 58: A model of a thermonuclear rocket capable of interplanetary exploration. The reactor was used to heat up liquid 
hydrogen for thrust similarly to traditional rocket engines The large heavily shielded zone between the reactor and the crew 
cabin protected the astronauts from the radiation. (1963) (NASA C-1963-63470) 


would be used in tandem with a nuclear rocket), 
due to thehigh operatingtemperatureof the reac¬ 
tor. Though scientists had harnessed the power of 
the atom for nuclear bombs twenty years earlier, 
there was still much to learn about the effects of 
radioactivity. Building a nuclear rocket presented 
many scientific, technical, and human questions. 
For example; how quickly would materials exposed 
to radiation (both from space and the reactor it¬ 
self) become weak and deteri orate? What types of 
materials endured best in these environments? 
Which of these materials provided the greatest 
radi ati on-shi el di ng capabi I i ti es to ensure the safety 


of th e astro n auts travel i n g wi th i t? I mpo rtant q ues- 
tions also surrounded temperature For example; 
what would be the effects of radiation and high 
temperatures on the reactor and the rocket's en¬ 
gines? Did cryogenic temperatures also have an 
effect upon performance? The search for these an¬ 
swers became the responsibility of scientists and 
engineers working at nuclear research and test re¬ 
actors around the country. 33 J ust twenty days after 
Kennedy gave his speech, the Plum Brook reactor 
went critical and became the second most power¬ 
ful American test reactor facility. 
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Primary Document #5 and #6 


Just seven days before President Kennedy officially canceled the atomic airplane, Plum Brook held a 
massive open house to demonstrate the reactor that was constructed to supportdevelopmentof this project. 
M ore than sixty members of the print media and radio and television news services met atthe site to talk 
with community leaders and N ASA and A EC representatives. To see the dramatic change of focus for the 
reactor, compare the following two excerpted newspaper reports. The first article, "Reactor for A-Plane 
G ets 0 kay,” appeared in early M arch when the Plum Brook reactor was set to support the atomic air¬ 
plane. The second article, "Plum Brook Atomic Lab Brings Space Closer," appeared less than two weeks 
later and made no mention of the atomic airplane,although it discussed space and nuclear rocket 
research. 


"REACTOR FOR A-PLAN E GETS OKAY" 

Chillicothe Gazette 
8 March 1961 

The Plum Brook research nuclear reactor, to be used in efforts to develop an atomic 
airplane, has received the Atomic Energy Commissions approval to go into operation. 
The reactor, the nation's second largest with power equivalent to 60 million watts, is a 
facility of Cleveland's Lewis Research Center, which operates under the N ational Aero¬ 
nautics and Space Administration... Scientists hope to develop a fuel, a couple of pounds 
of which would enable an airplane to fly many times around the world. 

NASA has said the entire installation was designed to withstand any foreseeable acci¬ 
dent without releasing any hazardous materials or gases. The reactor is contained in a 
steel tank three-quarters of an inch thick. The tank is encased in three feet of concrete for 
more protection. Surrounding the tank is a pool 70 feetin diameter that will be filled with 
water for further protection. 

"PLUM BROOK ATOMIC LAB BRINGS SPACE CLOSER” 

The C leveland Press 
21 March 1961 

U.S. effort to harness nuclear power for rockets and space flighttakes a giant step today 
with completion of the Plum Brook Reactor Laboratory three miles south of Sandusky. This 
is the first laboratory of its kind built by the space agency and the only nuclear reactor in 
N orthern 0 hio... 

Civic officials of Sandusky and top scientists from Lewis participated in opening ceremo¬ 
nies atthe laboratory today. Lewis officials described an extensive program to guarantee 
that the facility and its environs will be keptfree from radioactive contamination. 
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Image 59: The main components of a nuclear rocket engine with 75,000 pounds of thrust. The engine heated liquid hydrogen 
and exhausted it through the nozzle. (1970) (NASA C-2003-851) 



Image 60: Reporters and government officials examine the N ERVA engine as it stands on its railcar test platform at Jackass 
Flats, N evada. This engine was used for ground tests only. The nozzle on top released heated liquid hydrogen into the air and the 
engine remained fixed on a railroad track. (Harry Finger Collection) 
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Plum Brook's N uclear Facilities 


Los Alamos Scientific Laboratory, in associa¬ 
tion with the Air Force, initiated work on the 
nuclear rocket development program in 1955. At 
the begi nni ng, its pri mary focus was to devel op a 
potenti al mi ssi I e appl i cati on for use i n warfare I n 
1961 these efforts evolved i nto the N ud ear Engi ne 
for Rocket VehideApplication (NERVA). In theory, 
nuclear rockets produced propulsion by directing 
cold liquid hydrogen into a hot reactor. This caused 
the liquid hydrogen to expand into a high- 
pressure gas, which resulted in averyhigh specific 
impulsethat was roughly twiceas powerful asthat 
produced by chemical rockets. By exhausti ng the 
gas through a nozzle^ engineers believed that be¬ 
tween 50,000 and 70,000 pounds of engi nethrust 
was possi bl e Th i s th rust I evel was I ater greatl y i un¬ 
proved when on 26 June 1968, the Phoebus IB 
Reactor was operated at 4200 megawatts, which 
produced 200,000 pounds of thrust. A second 
nuclear space application program called theSpace 
N ud ear Auxi I i ary Program (SN AP) al so began dur¬ 
ing this period. SNAP was developing a nuclear 


generator to provide electrical power for a space¬ 
craft or satellite By the mid-1960s NASA and the 
AEC had spent an accumulated $584.5 million on 
the two programs. 34 

One of the main concerns affecting both of 
these programs was how the materials used to 
build the spacecraft would withstand the damag¬ 
ing effects of radiation. The answer to this ques¬ 
tion becamethefocusof the experimental program 
initiated at NASA'sPlum Brook Station. The chief 
of the reactor division, H. Brock Barkley, said, 
"Although many experiments have been run in 
other facilities in the past, they have not yielded 
the ki nd of i nformati on that N ASA needsfor space 
appl i cati ons. That i s why our j ob and our programs 
are so vital to N ASA's appl i cati on of nud ear power 
to space" 35 

After Congress cancelled work on the nuclear 
ai rpl ane> PI um Brook's mi ssi on was qui ckl y revi sed 
to support work on the nud ear rocket. When Plum 
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Image 61: Jack Crooks (right) and Jerold H atton work inside the reactor tank in preparation for the initial startup of the Plum 
Brook Reactor. They are inserting dummy fuel elements into the core as part of the final hydraulic testing. (1961) (N ASA 
C-1961-56897) 
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Image 62: H arold Geisler takes the Plum Brook reactor critical for the first time on the evening of 14 June 1961. This first self- 
sustaining chain reaction was conducted at very low power. It wasn't until the following April that the reactor reached its full 
potential of sixty megawatts By July 1963, the reactor had completed its first experimental cycle while critical. (NASA C -1961- 
56899) 


Brook first reached criticality in June 1961, itjoined 
120 other research and test reactors al ready i n op- 
eration across the country. 36 The only research or 
test reactor i n the U nited States that was more pow¬ 
erful at the ti me was the Engi neeri ng Test Reactor 
in Idaho. As one of the most powerful test reactors 
in the world, the NASA Plum Brook reactor be¬ 
came a leader on the emerging nuclear frontier. 

Reach i n g cri ti cal i ty fo r th e f i rst ti me was a mo¬ 
mentous occasion. People gathered around the 
control room,eitherinsideorlookingthroughthe 
large glass windows from the outside walkway. 
They al I anxi ousl y awaited the announcement that 


the reactor was finally critical. Reactor operator 
Clyde Greer said, "It was breathtaking to see one 
i nstrument especial Iy." An i nk I i ne drawi ng repre¬ 
sented the power level of the reactor. Everyone 
knew that once it reached criticality it would be¬ 
gin to trace a straight line Once it did, Harold 
Giesler and Bill Fecych announced, "We're criti¬ 
cal," and everyone began clapping and cheering. 38 
Nuclear engineer A. Bert Davis recalled, "Thatwas 
a special day when it went critical... I stood out¬ 
side the glass looking in the control room observ¬ 
ing what was going on. After it went critical we 
had a great party that night at a winery in 
Sandusky." 39 
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Image 63: The lily pad area atop the reactor pressure tank. For over ten yearsy engineers subjected materials to radiation within 
this vast, cathedral-like containment vessel. In this picture, the shrapnel shields have been removed from over the pressure tank 
and the hatch has been removed and placed on the lily pad, revealing the open reactor tank. M onitoring was performed and 
experimental equipment was often assembled in this area. (1961) (NASA C -1961-55851) 


Though the Plum Brook reactor went critical 
i n 1961, it was al most two years before it operated 
at itsful I sixty-megawatt power capacity. Whilethe 
power of the reactor was i mportant, it was the neu¬ 
tron fl ux that was the mai n attri bute that enabl ed 
ad van ced experi mentati o n. M yrn a Steel e, th e o n I y 
woman physicist at Plum Brook, recalled, "The 
neutron fl uxes and the neutron currents from the 
reactor at Plum Brook were among the highest i n 
the world at the time that it was built and run¬ 
ning." 40 The Plum Brook reactor was capable of 
producing average neutron fluxes of 4.2xlO 14 
neutrons/cm 2 -sec. This meant that the reactor 
could transmit 420 trillion neutrons through a 
square centimeter of space every second. In the 


United States, Plum Brook's performance was 
seco ndonlytotheEngin eeri n g Test Reacto r's 500- 
trillion-neutron flux. Worldwide, only the 
Dounreay Fast Reactor in Britain had a higher flux 
atthetimei 2,500 trill ion. Even though the Chalk 
River Laboratories reactor in Canada had a much 
hi gher power rati ng—135 megawatts versus PI um 
Brook's sixty megawatts—it was only capabl e of a 
400-trillion neutron flux. 

On 15 August 1963, the main reactor com¬ 
pleted its first experimental cycle. During the 
experimental cycles, when the reactor was 
operational, a plume of vapor would drift over the 
reactor cooling tower. This plume became a 
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Image 64: Two men standing on the lily pad guide a crane to remove the third of three large, white, twenty-ton shrapnel shields 
that nest over the pressure tank. The shields were then stacked off to the side until it was time to reposition them on top of the 
pressure tank. Since the support beams could rotate 365 degrees, the overhead crane could reach any location in the containment 
vessel. The pressure tank hatch is open. (1959) (N ASA CS-18228) 


symbol to the reactor operators that thei r systems 
were operati ng normal I y. 

That same year, Plum Brook received its AEC 
I i cense for the M ock-U p Reactor (MUR). The MUR 
significantly increased Plum Brook's experimen¬ 
tal capabi I ity and assi sted i n the overal I experi men¬ 
tal program by saving both time and money for 
the experiment sponsors 41 Benefits included be- 
ingableto makefl uxand reactivity measurements 
on the MUR without tying up the main reactor. 
The MUR also could help the engineers determine 
where the experiments should be placed, how 
much irradiation they would receive fro mthecore^ 
and how the experi mental materials would affect 


the reactor. Maintenance on the MUR occurred 
monthly for all of its electronic systems. It first 
went critical at 9:30 p.m. on 10 September 1963, 
and was considered a "major milestone" for the 
facility. 42 Dick Robinson was the senior operator 
and supervisor, and Bill Poley operated the con¬ 
trol panel. 

In December 1963, the hot laboratory, headed 
by Robert Oldrieve, became fully operational. 
After materials were irradiated in the core, some 
of them were transferred via underwater canal to 
the adj acent hot I aboratory bui I di ng for exami na- 
tion, while others were transported in lead casks 
above the water. The radioactive materials also 
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Image 65: The area just outside the containment vessel airlock (bottom right). The reactor control room on the second floor is 
visible to the left. The experiment control room is directly below it on the first level. On the second level to the right is a workarea 
that was later segmented and enclosed for office space. In this picture, three of the "Reactor On" signs are illuminated, indicat¬ 
ing that the reactor is in operation. (1961) (N ASA C-1961-55812) 


The World's Most Powerful Test Reactors Prior to J une 1961 37 


Rank 

Country 

Reactor 

Critical Date 

Power, kW 

1 

United States 

Engineering Test Reactor, ETR 

2 Sept 195 7 

175,000 

2 

Canada 

Chalk River Laboratories, N RU 

3 N ov1957 

135,000 

3 

Soviet Union 

SM-3 

10 Jan 1961 

100,000 

4 

Soviet Union 

27/ BM 

1 Jan 1961 

70,000 

5 

Soviet Union 

2 7 BT 

1 Jan 1956 

70,000 

6 

Britain 

Dounreay 

1 N ov 1959 

65,000 

7 

United States 

SPERT-3, Phillips Petroleum 

1 Jan 1958 

60,000 

8 

United States 

W TR, W estinghouse 

1 Jan 1959 

60,000 

9 

United States 

N ASA Plum Brook Test Reactor 

14 June 1961 

60,000 
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Image 66: This doseup of the right side of the control panel in the reactor control room shows the controls for the manual 
operation of the shim rods Each rod has its own speed dial, meter, indicator lights, control buttons and scram button. The 
buttons within the square on the left-hand side controlled the regulating rod that could activatea "junior" scram (a partial 
scram using only one regulating rod). It was designated within the box so that operators could quickly locate the rod's control 
buttons in case of emergency. The full scram buttons, which dropped all the control rods simultaneously, were set apart at the 
bottom of the console. (NASA C - 2001-01229) 


passed through a large room that shielded the rest 
of the laboratory from radiation. Then they could 
be examined in oneof seven "hotcells.''Thewalls 
of the hot cells ranged from forty-three to sixty- 
three i n ch es th i ck an d co n tai n ed vari o u s to o I s an d 
equipment to inspect and dismantle the experi¬ 
ments. In addition, "master-slave manipulators" 
al I owed operators outsi de of the cel I to work with 
materials. The Model A and Model D manipula¬ 
tors were both constructed by Central Research 
Labs, Inc., of Red Wing, Minnesota. Once the 
elements were disassembled, the i rradiated mate¬ 
rials were placed in rabbits (small metal capsules), 
which could be sent through pneumatic tubes to 
other laboratory rooms in the facility. 


Publ ic relations were very i mportant, and most 
reactor operators considered it a "vital part of our 
job." 43 Tours were given to distinguished visitors 
from NASA, such as astronauts, and to the public 
and media. Some distinguished guests included 
Raymond Bispl inghoff (director of NASA's Office 
of Advanced Research and Technology), Harold 
Fi nger (manager of the Space N ud ear Propul si on 
Office (SNPO)), Glenn Seaborg(AEC chairman), 
the editors of N ucleonics magazine, officialsfrom 
the Japanese Atomic Energy Commission, and 
professors from local universities who were 
considering the use of the reactor for their own 
experi ments. I n 1963, an ai rcraft Iandi ng stri p was 
built in the southern portion of Plum Brook so 
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Image 67: During criticality, the Plum Brook Reactor core emitted an eerie blue glow known as Cherenkov radiation. This is 
common to all swimming pool reactors. The Cherenkov Effect is caused by high-energy beta particles moving at velocities faster 
than the speed of light in water. Pavel Alekseyevich Cherenkov first observed this phenomenon in 1934. Cherenkov's discovery 
helped with the detection of elementary particles and was significant for subsequent experimental work in nuclear physics and 
the study of cosmic rays. In 1958 he was awarded a N obel Prize in Physics (c. 1962) (N ASA C-1996-03983) 


that vi si ts from i mportant guests coul d be handl ed 
more efficiently. Frequent public tours were also 
gi ven to demonstrate that the reactor was safe for 
thesurroundi ng community, and al so to I et peopl e 
know that the public funds were being properly 
utilized. After one tour for a Catholic school, Sis¬ 
ter Mary Christopher wrote; "From the moment 
when the guards met us at the gate, all through 
the peri ods of expl anati on at the vari ous stati ons, 
until the moment when we I eft, we were impressed 
by the wi 11 i ngness and competence of the person¬ 
nel who helped to make our tour enjoyable and 
worthwhile" 44 General open houses were also held 
for the public. These were of tremendous interest 


to the community; over 1,600 people visited the 
reactor during an open house in October 1963. A 
speakers bureau was staffed by a group of reactor 
employees who traveled around to local schools 
andcivicorganizationstalkingaboutthe reacto r. 

Though the reactor maintained its safety 
record, shutdowns, or "scrams," were relatively 
common and did not necessarily mean that there 
was a significant danger present. For example; in 
i ts seco n d year of o perati o n th ere were twenty-o n e 
unscheduled shutdowns 45 These were most often 
dueto operator errors, defective equipment, safety 
or control system malfunctions, and loss of 
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I mage 68: Three technicians work on the core, inside the pressure tank, during one of the shutdown periods Experiment cycles 
varied greatly. Some lasted months while others only days. Each cycle consisted of two parts—the shutdown portion and the 
power portion. The shutdown periods were used to change fuel, perform maintenance, and work on experiments. (NASA 
C-1961-56897) 


electrical power. Forced evacuations of the contain¬ 
ment vessel were not common, but when they did 
occur they usually resulted from the presence of 
high levelsof airborne radiation. Flooding within 
the vessel caused at least one evacuation. The ma¬ 
jority of medical emergencies were common ey$ 
hand, and bruise injuries. Individual employee 
radiation exposure was monitored dailyand health 
physics managers used this information to keep 
track of monthly and annual accumulation. This 
radiation safety program ensured that employee 
exposures were kept bel ow establ i shed safe I i mits. 
Throughout the Plum Brook reactor's entire his¬ 
tory, there was never a case of personal injury or 
illness related to radiation exposure 46 


However, accidents happened on occasion. For 
example^ one evening during the second shift on 
20 May 1964, three workers were removing con¬ 
trol rod drive assemblies from the subpile room. 
Due to a simple mistake they were suddenly 
"drenched with primary water contaminating 
themselves and their protective clothing." 47 They 
were immediately taken to the decontamination 
shower and were closely monitored by health- 
safety personnel. After several showers they were 
cleaned of the radioactivity and airborne tests 
showed no other remaining contamination. These 
risks were considered worth taking because of 
the importance of the experimental program at 
Plum Brook. 
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Image 69: The M ock-U p Reactor (MUR) was a 100-kilowatt reactor installed in the reactor building to test experiments at low 
power before inserting them into the more powerful sixty-megawatt reactor. This allowed operators to determine the best location 
for the experiments and it also helped them understand the effects each loading scheme had on the neutron flux. Though much 
smaller and less powerful than the main Plum Brook reactor, the M U R required its own annual AEC/N RC license, and today 
has its own separate decommissioning plan. (NASA C-2001-01204) 


Image 70: The M ock-U p Reactor (MUR) core as seen from the control room. Since the MUR generated a very small amount of 
radioactivity, the "swimming pool" within which it was located provided sufficient shielding. A moveable bridge directly above 
the core allowed MUR operators to easily change fuel or manipulate experiments during shutdowns (NASA PS63-0002) 
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Image 71: The control room for the M ock-U p Reactor was perched directly above its core. The large windows allowed the 
operators to view the controls and monitors, as well as the activity in the core below. (N ASA PS63-0008) 





I mage 7 2: Interior of the M ock-u p Reactor control room. (NASA PS63-0005) 
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Image 73: Two technicians clad in anti-contamination clothing manipulate a shim safety control rod in a water canal in the hot 
laboratory. The twenty-five-foot-deep water provided shielding from radiation, yet still enabled visible contact with the research 
experiments. This water canal also allowed the underwater transfer of irradiated materials from the reactor to the hot laboratory 
for inspection. M oving materials by canal reduced the need for lead transfer casks, though they were still needed when the 
radioactive materials were taken out of the water. (1961) (N ASA C-1961-55808) 
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Image 74: Two Plum Brook employees use an overhead crane to lift a lead cask of low-level radioactive waste from Canal F. This 
was the first canal outside of the containment vessel. Canals G and H are visible behind the man standing on the bridge. The 
bridge was moveable so technicians could continually work above the objects as they moved through the canal system. The canal 
connected to the hot laboratory, which was adjacent to the south side of the reactor building. Radioactive materials were moved 
under water with vehicles, or remotely controlled cranes, between heavily shielded walls in the hot handling room and hot dry 
storage areas. Then they could be transferred to the hot cells. An eighty-ton lead door separated the hot handling room from the 
controlled workarea. (NASA C S-2 2209) 
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Image 75: A technician emerges from the rear of a hot laboratory cell in full protective gear carrying a "cutie pie" radiation 
detector. Another technician wheels open the massive sixty-three-inch-thick concrete door plug. (N ASA CS-22203) 
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Image 76: Bob Oldrieve, a hot laboratory supervisor, uses manipulator arms to inspect radioactive materials within a hot cell. 
The pliers-type "hand" is visible inside the window. Operators became so skillful in operating the manipulators that some were 
even abletothread a needlewith them. (1961) (NASA C-1961-55638) 
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Image 77: View from inside a hot laboratory cell looking out. The manipulator arm is in the foreground; the engineer behind the 
glass, Dan Gardner, is operating it. A fifty-two-inch oil-filled glass window protected the operator from the radiation. The oil 
eliminated all of the window's distortion when looking through it. There were seven interconnected hot cells at Plum Brook- 
each with its own function. Cell 1 was over twice as large as the others It was used for dismantling experiments when they 
entered the hot laboratory. Cell 2 had an engine lathe to machine materials Cell 3 was a tensile testing facility with two sets of 
manipulator arms. Cell 4 was a preparatory area for Cell 5, where a variety of metallographic testing equipment was housed. 

Cell 6 was used for chemical analysis Cell 7 had X-ray diffraction and analysis machinery. Each cell had filtered air, water, 
special vents, an intercom, and floor drainsfor liquid waste effluent. (1961) (NASA C-1961-55800) 
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Image 78: View into a hot laboratory. Technician Dan Gardner examines irradiated materials using remotely controlled 
manipulator arms from behind protective walls and shielded windows. (N ASA C S-22201) 



Image 79: The hot laboratory's safe workarea. Operators are using manipulator arms to work with irradiated experiments in the 
cells. The hot lab also contained an office, manipulator repair shop, and a decontamination room that connected this "clean" 
operating area with the radioactive area behind the cells. (N ASA C-2003-839) 
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I mage 80: A health-physics technician usesa hand-held "cutie pie" radiation detector to check equipment for contamination. 
These detectors allowed technicians to quickly monitor specific areas or equipment. They worked in conjunction with the 
permanent systems that constantly monitored radiation levels throughout the facility. (NASA C-2003-840) 
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Image 81: Identical RemoteArea M on itoring System (RAMS) detector location panels, found in both the health-safety operations 
office and the reactor control room, and other monitoring equipment allowed operators to monitor radiation sensors located 
throughout the facility and to scram the reactor instantly if necessary. The color of the indicator lights corresponds with the 
elevation of the detectors in the various buildings The reactor could also shut itself down automatically if monitors detected any 
sudden irregularities. (2001) (NASA C-2001-01150) 



Image 82: A Plum Brook technician wearing protective clothing and a mask washes contaminated clothing. The clothing was 
worn again after it was decontaminated and laundered. The wash water had to be treated as radioactive waste. (2001) 
(NASA C-2003-841) 
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Image 83: This board in the health-safety operations office was updated by health-physicists with data from daily pocket ioniza¬ 
tion dosimeters and other monitoring instruments to ensure that no one exceeded the legally permissible radiation exposure limits. 
Strict limits were imposed on the amount of radiation that employees could be exposed to over time. These limits were far below 
the levels that were considered to cause health risks. All personnel assigned to Plum Brook Reactor Facility were monitored for 
radiation exposure on a continuing basis by utilizing film badge dosimetry. The frequency of the individual readouts varied from 
monthly to quarterly depending on the job assignment. Since there was an inherent delay in this technology, it became necessary 
to have current daily estimates of exposure for personnel who routinely entered radiation areas. Lifetime exposure levels were also 
closely monitored through regular bioassay samples (NASA C-2001-01153) 
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Image 84: Librarians manage files and books in the reactor library. M assive amounts of documentation were required to 
maintain licensing by the AEC. Unfortunately many of these documents, including the experiment logs, photographs, and 
sponsor names, were destroyed. (1961) (NASA C-1961-56372) 
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Primary Document #7 


The relationship between Lewis Research Center and Plum Brook was always a close one. During Cold War 
concerns about a potential Soviet nuclear strike on the United States, Plum Brook was also considered the 
primary evacuation facility for key Lewis personnel. The following excerpted document describes the plan. 


From: Alan D. Johnson, Director, Plum Brook Station 
To: M emorandum for the Record 
Date: N ovember 8, 1962 

An informal discussion was held between Bob G aines and All Herrmann of Lewis-Cleveland 
and J.R. Braig and the writer on 6 N ovember 19 62 at Plum Brook Station for the purpose of 
investigating the possibilities of using Plum Brook Station as an emergency command center 
for Lewis-Cleveland in case of enemy attack. 

For purpose of discussion the emergencies were divided into three general categories: (1) 
An evacuation caused by an air raid alert but folio wed by no attack and no damage, (2) An 
evacuation caused by actual attack where the damage to Lewis Facilities was considered 
reparable with research to be resumed within a year, and (3) An evacuation caused by an 
actual attack with substantial damage to the Lewis Facilities such that a very substantial 
rebuilding and rehabilitation would be required. 

In the case of evacuation, approximately eight to twelve key Lewis-Cleveland personnel 
would evacuate immediately with their families to Plum Brook Station. If the evacuation is of 
the second type above, the first wave of Lewis-Cleveland people coming to Plum Brook 
would be handled in the same manner. Evacuation of the third type listed above was not 
developed in any detail. 

The need for acquisition of food, drinking water, heating and sanitary facilities, bedding, 
etc. was discussed. Itwas also agreed thatPlum Brook Station personnel would look into the 
cost for converting igloos into suitable temporary housing. The discussions above concerned 
themselves with the evacuation of Lewis-C leveland personnel to Plum Brook Station but did 
notenter into the area of the evacuation of Plum Brook Station personnel to Lewis-C leveland 
in the event of an air strike in the Sandusky area. 
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The Plum Brook Reactor 0 pens Its Doors 

In an era of both paranoia and enthusiasm about the power of nuclear research, Plum Brook 
employees frequently held open houses for government officials, the media, high school students, 
and local families. The foil owing photographic section illustrates some of these events. 


Image85: NASA Administrator James Webb (left) and Lewis D i rector Abe Si Iverstei n (center, with glasses) peer into the 
reactor tank while visiting Plum Brook. (NASA C-1961-58735) 
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Image86: Congressman Charles M osher, a longtime Plum Brook supporter in Congress, and RossBraig (center) are given a 
tour of the facility by Assistant D irector D r. John C. Evvard. (1961) (N ASA C-1961-56466) 
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Image 87: Bill Kortier uses a sketch of the reactor facility on the blackboard and an aerial photograph of Plum Brook Station 
to familiarize reporters attending the M arch 1961 M edia Day with the reactor operations just prior to the reactor going 
critical. Declassified information about the reactor facility was often supplied to the press. (1961) (N ASA C-1961-56465) 


Image88: Reporters with camerasin hand are given a tour of the hot laboratory. (1961) (NASA C-1961-56468) 
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Image 89: Frequent tours were given to high school students and families from the local community to promote an interest in 
nuclear science and to dispel the anxiety people may have had about living next door to a nuclear reactor. (1962) (N ASA 
PS62-1783) 


Image 90: A Plum Brook representative explains the Plum Brook Reactor Facility to high school students This model of the 
reactor building and the hot laboratory was intricately designed, down to the smallest detail— moveable manipulator arms, 
sliding canal doors, and even a blue light in the core. The model hung in the foyer of the reactor office and laboratory building 
during the reactor's operational days and is still on display at Plum Brook Station. (1964) (N ASA C-1964-73677) 
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The Experimental Program 


The PI um Brook reactor became an i mportant 
tool for gathering the necessary data to constructa 
safe and efficient nuclear rocket and to design re¬ 
actors to produce electrical power in space 48 Sci¬ 
entists and engineers derived this data by devel¬ 
oping an extensive experimental program. There 
were four basi c types of experi ments: nud ear rocket 
experiments, energy conversion experiments, ba¬ 
sic radiation effects studies, and basic physics 
experiments. These experiments consisted of 
irradiating variously sized and shaped materials, 
components, and devices to determine how their 
behavior changed while being irradiated. After ir- 
radiation,through analysisinthehotlaboratories, 
scientists examined how their physical properties 
had changed.The experi ments didnotal ways origi¬ 
nate with NASA; they were frequently sponsored 
by outside contractors The largest sponsors were 
Lockheed, Westinghous^ and General Electric, 
though these industrial organizations were carry¬ 
ing out the work on government contracts. They 
used Plum Brook to investigate the relationship 


between cryogenic temperatures and radiation, 
research the best materials for the NERVA and 
SNAP programs, and understand the behavior of 
thermionic diodes and fuel elements during and 
after irradiation (thermionicsistheconversion of 
heat into electricity). In total, the Plum Brook re¬ 
actor staff managed eighty-nine experiments dur- 
i ng its years of operati on. 

One of thefeatures that madethe Plum Brook 
reacto runiquewasits cryo gen i c f aci I i ti es. N u cl ear 
rockets needed to not only maintain structural 
integrity in a radioactive environment, but also 
withstand the intense cold of both space and the 
liquid hydrogen propellant. Plum Brook installed 
special refrigeration capabilities that enabled ex¬ 
peri menters to subject materials to radiation and 
cold at the same time The first of these experi¬ 
ments was the Lockheed Cryogenic Experiment 
(62-01), 49 which determined how various metals 
reacted to cryogenic temperatures while in a ra¬ 
dioactive environment. 
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Image 91: This diagram shows the numerous "facilities" of the Plum Brook reactor core. Each of these was given a unique name 
(LA-7 or RD-3, for example). The facilities in the fuel area (left side) contained cadmium and beryllium moveable regulating 
rods around the exterior, three shim safety rods, and twelve fixed reflector plugs or experiments The unfueled right side of the 
core box contained facilities for inserting up to thirty-two experiments. Three of these facilities (with circles) were hooked up to 
pneumatic rabbit tubes to provide quick insertion and removal of experiments (NASA C S-46328) 
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I mage 92: Hapjohnson (left) and H. Brock Barkley (right) examine a test specimen. It was designed to be inserted into the 
aluminum "rabbit," standing on end with its cap next to it. The rabbits housed the sample test materials, (c. 1970) (N ASA 
C-2003-843) 


A new $1 million cryogenic facility was built 
for the N ERVA Components I rradi ati on experi ment 
(62-16), and was about twenty times larger than 
the one used in the Lockheed Cryogenic Experi¬ 
ment. It had a twenty-kilo watt low-temperature 
hel i um refri gerator that coul d mai ntai n a tempera¬ 
ture between -409 and -39 degrees Fahrenheit. For 
theother extreme in temperatures, materials could 
also be irradiated at +3272 degrees Fahrenheit 
whi I e i n the reactor. 11 coul d test I arger i nstrumen- 
tation components such as accelerometers, strain 
gauges, and displacement transducers, as well as 
smaller mechanical components I ike control drum 
assemblies, dynamic bearings, and molybdenum 
instrumentation tubes. 50 This was a unique capa¬ 


bility at Plum Brook; few other nuclear facilities 
could run similar tests. 51 

Along with Lockheed, Westinghouse also 
played an important role in the NERVA program. 
Th e Westi n gh o use Astro n ud ear Labo rato ry was re- 
sponsible for the nuclear reactor designed to go 
into the rocket, and the Plum Brook facilities were 
essential in helping Westinghouse scientists 
understand which materials were best suited for 
a radioactive environment. The Westinghouse 
N ERVA Experi ment (63-05) was a test to i rradi ate 
materials, especially transducers, for the nuclear 
rocket. The materi als were pi aced i n water-cool ed 
capsulesin the Plum Brook HT-lfacility. Samples 
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Image 93: The experiment control room, located directly below the reactor control room, contained various monitoring 
equipment. In this photo, Johnny M iller examines the Experiment Data Logging and Alarm System, which recorded all events 
during the operating cycles of the Plum Brook reactor in minute detail. Earl Boitel, seated, checks data input sources (1964) 
(NASA P64-0713) 


included instruments as well as complete compo¬ 
nent assemblies. 52 This experiment Iasted for over 
three years. Westinghouse Refractory Fuel Com¬ 
pounds^-15) was the first fueled experi ment at 
the reactor, run in August 1964. Thefueled experi¬ 
ment enabled irradiation of materials at high 
temperatures and high power for long periods of 
ti me The abi I ity to test fuel ed experi ments was one 
of the major reasons that the PI um Brook reactor 
was constructed. 

NERVA was not the only nuclear space initia¬ 
tive researched at Plum Brook. SNAP represented 
another significant application of nuclear power. 


It was hoped that the results from these experi¬ 
ments would help engineers design better circuits 
and other electrical equipment that could operate 
rel i ably and withstand the radi oacti veenvi ronment 
of a space reactor. Nuclear Electric Sub-Systems 
and Component Irradiation (63-09) explored the 
reaction of electronic equipment to neutron and 
gamma radiation fortheSNAP-8 program. Radia¬ 
tion damage occurred every time that radiation 
interacted with matter. This phenomenon was ex¬ 
plored in 1946 by Eugene Wigner; it became 
known as "The Wigner Effect." 53 What made this 
problem more difficult was that the damage oc¬ 
curred to the materials before any direct visual 
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Image 94: This chart hung in the reactor building outside the experiment control room. It listed the experi¬ 
ments to be irradiated for each cycle and the through-holes, or access ports, to the reactor assigned to them. 
The core diagram also showed where the experiment was to be placed. The three circles in the lower portion 
of the grid represented the pneumatic rabbit facilities. (2001) (N ASA C-2001-1258) 
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Image 95: The H B-2 Cryogenic Experiment investigated the effects of low temperature and high radiation on various metals for 
potential use in space vehicles The experiment consisted of a refrigeration system, a transfer system, and devices for measuring 
the strain resulting from radiation and temperature extremes Four cryostats (or test loops) were used to measure tensile-fatigue 
compression. Each cryostat was six inches in diameter and nine feet long. 0 ne could be set up on the floor of Quadrant D, 
inserted into the core through the H B-2 beam port, and transferred remotely to the hot cave on the outside of the quadrant for 
removal of the specimen. (NASA C S-18942) 
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Image 96: Laboratory technician Allen Larkins (upper right) and engineer David W illinger (lower left) working in the 
metallurgical laboratory of the Plum Brook reactor. (1961) (N ASA C-1961-55641) 



Image 97: Lockheed-M artin engineers make adjustments to the cryostat refrigeration machine that was being prepared for use in 
the Plum Brook Reactor Facility. The machine was used to test metals for their cryogenic resistant qualities. (January 1962) 
(Cleveland Public Library Photograph Collection, Ohio, Sandusky, Industry, NASA, Plum Brook Station) 
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Image 98: Astronaut Gordon Bean gets ready to insert the plutonium-238 heat source into the Space N udear Auxiliary 
Program 2 (SNAP-2) thermoelectric generator. Apollo 12 was the first mission to use the generators. This generator was 
capable of producing seventy-three watts of power for the Apollo lunar surface experiment package and had a lifespan of 
eight years. (1969) (NASA AS12-46-6790) 
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Image 99: Diagram of two insertion tables in Quadrant C. Experiments were loaded here and sent through the two horizontal 
through-holes or ports (HT-1 and HT-2) into the reactor core to be exposed to radiation. After irradiation, they were removed 
and maneuvered through the canals to the hot lab for analysis (1965) (N ASA PS65-1136) 
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Image 100: The technician on the walkway is operating the hydraulic cams, which insert and remove the experiment facility 
(seen in the bottom of the quadrant) into the core via H orizontal Through H ole 1 (HT-1). Experiment 62-12, a setup to 
evaluate the fuel and fission product retention qualities of tungsten-uranium dioxide dispersions (the dispersions were fission 
heated to anticipate the operating temperatures of rocket fuel elements), was permanently installed in Quadrant A. 

(NASA C-2003-827) 
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Image 101: D iagram of an experiment after it was inserted into HT-1. The fuel element is surrounded by coolant, water, several 
containment layers, and an outer jacket. A plug fills the test hole behind the experiment. HT-2 ran parallel to HT-1. (NASA 
CS-13591) 


observations could be made. This experiment 
el ectri cal I y en ergi zed th e co mpo n ents d u ri n g i rra- 
diation and special test circuits monitored their 
behavior and charted a graph comparing opera¬ 
tion time versus radiation dosage received. 54 

To make the SNAP program more effective^ 
scientists had to better understand the science of 
thermionics, or the conversion of heat into elec¬ 
tricity. George Grover, from Los Alamos, initiated 
thefi rst i nvestigations that showed the possi bi I ity 
of thermionics. Plum Brook's first testing in 
this area was the Thermionic Diode Experiment 
(63-03), which attempted to demonstratethefea- 
sibility of fission conversion. This conversion 
promised to be of great significance for space ap¬ 
plications, because if it worked, the heat from the 
reactor could be used to power onboard electrical 
components. The experi ment was piaced i n a ver- 
tical beam hole tube (VT-1). General Electric, 
through its Special Purpose Nuclear Systems 


Operation, sponsored a related experiment. 55 
Funding for the project came from General Elec¬ 
tric, along with support from NASA, theAEC, the 
Office of Nuclear Research (ONR), and the Ad¬ 
vanced Research Projects Agency (ARPA). The 
experiment was a long-term test of cylindrical di¬ 
odes to be used in nuclear thermionic power 
systems. The performance of the diodes was 
monitored during irradiation in the Plum Brook 
reactor, and then the diodes were examined at the 
Val I ecitos Atomi c Laboratory or i n the PI um Brook 
hot laboratory. 56 

One of the most difficult problems that arose 
duri ngthe PI um Brook experi mental program was 
quantifying how important its data was to the 
scientific community. These experiments were al I 
considered basic research, meaning that the 
primary mission was simply to better understand 
how materials responded to a radioactive environ¬ 
ment. It is often difficult to objectively measure 
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Image 102: John H ire adjusts an instrument console for final hydraulic testing prior to the reactor going critical for the first 
time. The console was on the lily pad area at the center of the quadrants, directly above the reactor pressure tank. (1960) 
(NASA C-1960-55125) 
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Image 103: Technicians wheel a large "thimble" containing experiments for irradiation into the containment vessel through the 
truck door. W hen the reactor was shut down and the protection of the containment barrier could be broken, this door was the 
only way large items of equipment and hardware could be taken in or out of the containment vessel, utilizing fork lifts if 
necessary. (1961) (NASA C-1961-55811) 



I mage 104: Technicians work inside the thimble. (NASA C-1961-55810) 
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Image 105: Hapjohnson (left) and Brock Barkley (right) examine test specimens from an experimental run inthePlum Brook 
reactor. (NASA C-2004-741) 


just how valuable and practical such research will 
turn out to be i n the short term. H owever, the i n- 
formati on gai ned from the PI um Brook reactor oc- 
casionally resulted in significant findings with 
immediate results. For example, during the 
Westi nghouse N ERVA Experi ment i n 1964, the re¬ 
actor irradiated pressure transducers that were to 
be used for an upcoming full-scale reactor test i n 
Nevada. During the early radiations the transduc¬ 
ers failed, which was a complete surprise to the 
Westi nghouse operators. This outcome forced 
them to develop new transducers for the test. 
Barkley said, "It's obvious how much more 
effective^ economic, and important it was that the 
problems were detected in this reactor rather 
than waiting for the loss of the transducers to 
invalidate an extremely expensive and important 
ful I-seal e N ERVA reactor test." 57 


Nevertheless, a controversy over the impor¬ 
tance of some of the reactor research developed. 
Not everyone believed that the data it was 
returning was valid. One engineer, speaking 
anonymously in a recent interview, said that he 
bel i eved at th e ti me th at measu rements taken fro m 
the cryogenic experiments had no statistical mean¬ 
ing. Even today, he questions the significance of 
the data. This engineer argued that while the 
cryogenictemperatureschangedthephysical prop¬ 
erties of the materials, the radiation from the 
reactor itself had littlq if any, measurable effect. 
He maintained that the same results would have 
been obtained if the materials were placed in cold 
storage al one, without any reactor present. Barkl ey 
was aware of this controversy and agreed that 
during the early years of the reactor, Plum Brook 
researchers were sti 11 struggl i ng to determi ne how 
to best construct experiments to return significant 
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Image 106: Puncture rig. Puncture rigs were used to penetrate the outer capsule of each experiment and measure the pressure 
increase in the system due to released gases during irradiation. The plastic vial on the left was used to determine the isotope 
content of fission product gases, xenon and krypton, using gamma ray spectrometry; the tubular sample container below it was 
used to measure the volume percent of the two gases. The entire puncture operation and collection of gas samples was done inside 
the hot cells using the remote manipulators The sample containers were then removed from the puncture rig and transferred to 
the radiochemistry laboratory for analysis. (NASA P69-3224) 


data. By 1967, he felt confident enough to pro¬ 
claim, "We now know how to obtain valid test 
data." 58 One year later, in a congratulatory report 
to his employees, Barkley said, "Plum Brook has 
the facilities and competence and is well on the 
road to becomi ng the standard for the i ndustry i n 
the field of radiation effects." 59 

In addition to the radiation damage studies 
on materials and nuclear fuels, the reactor rabbit 
facilities were used to support experimental pro¬ 
grams for other government agencies using 
neutron activation analysis. These irradiations 
included jet fuel to determine trace element con¬ 
tent i n compl i ance with the CI ean Ai r Act of 1970 
(PL88-206). Corn and other grai ns were i rradi ated 


for the Department of Agriculture to determine 
trace element content, and analyses of fuels (such 
as crude oi I, coal, and fl y ash from coal -fi red power 
pi ants) were performed on over 1,000 sampl es per 
yearfrom 1971 to 1972fortheEnvironmental Pro¬ 
tection Agency (EPA) (70-08). Dean W. Sheibley 
wrote, "This work is significant because it demon¬ 
strates that [instrumental neutron activation analy¬ 
sis] isauseful analytictool for monitoring trace... 
elements related to environmental protection.'' 60 
The research was also significant because it began 
provi ng that the work at the PI um Brook test reac¬ 
tor could extend beyond space applications 
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Image 107: N ERVA engines are bolted to a vacuum test chamber in Plum Brook's B-2 facility. The test will help ensure that the 
engines will be able to start without an auxiliary power source. The B-2 facility was— and still is—the only place on Earth that 
can fire a full-scale engine and subject it to simulated harsh and demanding conditions of the space environment. The physical 
features of the B-2 facility are impressive. It has a huge stainless steel chamber thirty-eight feet in diameter and fifty-five feet tall. 
It can simulate the cold of space (-320 degrees Fahrenheit) with its liquid-nitrogen-cooled walls, and mimic the heat of the sun 
with its quartz lamp thermal simulators Plum Brook engineers needed to maintain a vacuum, similar to space, in the B-2 
chamber at the same time that the engines were firing and the test rocket was expelling hot gas The answer was the development 
of speed ejectors which were able to keep up with the exhaust output of the engines so that every cubic foot of gas was immediately 
removed from the chamber. Taken together, these features enabled engineers to simulate all the conditions of space, except zero 
gravity. (Cleveland Public Library Photograph Collection, Ohio, Sandusky, Industry, NASA, Plum Brook Station) 
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Plum Brook Station Test Facilities 


Besides the reactor, other facilities at Plum Brook during the 1960s 
began making important contributions to the space program. 



Image 108: The H ypersonic Tunnel Facility was capable of creating air velocities and temperatures that simulated flight speeds 
of seven times the speed of sound, at an altitude of 120,000 feet. (1969) (N ASA C-1969-00725) 
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Image 109: The Cryogenic Propellant Tank Site (K-Site) was a test chamber for liquid hydrogen rocket fuel tanks. (1967) 
(NASA C-1967-03315) 


ASA's N uclear Frontier: The Plum Brook Reactor Facility 


118 















Plum Brook Station Test Facilities 


119 





















Image 111; The Spacecraft Propulsion Research Facility (B-2) was capable of testing space vehicles, and especially upper stage 
rockets like the Centaur, in a simulated space environment. The large vacuum test chamber could accommodate vehicles as 
large as 22 feet in diameter and 50 feet in length. The facility stood 74 feet high and extended 176 feet below ground. 
(NASA C-1999-00305) 
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Image 112: The Space Power Facility was the world's largest space environment simulation chamber when it was constructed 
in the 1960s, and it remains so today. It has a 100-foot diameter and stands 122 feet high. In this chamber, large space-bound 
hardware and spacecraft, even as large as the International Space Station, can be tested in an environment similar to that it 
will encounter in space. (1970) (NASA C-1970-03690) 
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Plum Brook Station Social Activities 


There was a great deal of camaraderi e and soci al i zi ng i n the PI um Brook 
community. Employees and their families became closer si nee many were 
close in age and background and had all relocated together to the 
Sandusky area. 


Image 114: Plum Brook employees enjoy an impromptu cookout. (NASA C - 2003-844) 
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Images 115 and 116: Plum Brook events included formal dances and Christmas parties 
C-2004-739)(N ASA C-2003-845) 


NASA 
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Image 117: Employees shared family gatherings like this April 1972 Easter egg hunt. (NASA C-2003-846) 








Image 118: Plum Brook Station M anager H ap Johnson endeavored to populate the Plum Brook landscape with trees. The 
land had largely been cleared during its use for Plum Brook 0 rdnance Works. Today the station has many wooded areas. 
(NASA C - 2004- 740) 
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Primary Document #8 


In 1970, Robert Earl wrote a science fiction novel called Hot Lab, which was about the use of radioactivity 
as a scientific research tool. It took place atthe fictitious Pine Valley Laboratories, where engineer Richard 
Rendfel, the book’s protagonist, moved with his young family. The author was actually Robert 0 Idrieve, a 
hot lab manager at Plum Brook. It is uncanny that the fate that 0 Idrieve chose for his fictitious test reactor 
happened to the Plum Brook reactor just three years later. 


[Describing the hot laboratory] 

We get nearly everything you can imagine: bottles of irradiated calf's liver, elastomers, 
transistors, timing devices, sledge hammer handles, and static eliminators for tape record¬ 
ers. It seems that everybody wants to irradiate everything they can lay their hands on in 
hopes of a scientific or commercial breakthrough. 

[Realizing thatthe entire reactor and hot laboratory might be closed] 

The place could be shut down, without any great loss in relocation of the entire organiza¬ 
tion. The remoteness of the area isn't needed anymore. The capital assets aren’t irreplace¬ 
able. Sure, most of the reactors are twenty years old or older, and the separation plant is no 
longer needed. I'll bet these technicians aren't paid enough; they came from the country 
areas, and most probably the plant is located here to take advantage of them! They had 
previously led simple lives, had few needs, and still require very little. 

The final irony of the morning, aside from the fact that Pine Valley engineers could easily 
find jobs if relocation for them were necessary, is that... the entire Pine Valley Plant could be 
completely closed down without anyone being the wiser or really caring it if never re¬ 
opened! Its almost tragic that no one really cares when someone else’sjob is abolished, not 
even if the job is an ultimately valuable and still currentand required college-trained career. 
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M othballing the Reactor 


Despite the growi ng i mportance of the PI um 
Brook reactor's experimental program, it never 
became the leader in the field of radiation effects 
that its managers hoped it would. Budgetary cuts 
bytheNixon administration resulted in its closure 
before many of its experiments could be com¬ 
pleted. TheNASA scientists and engineers who sud¬ 
denly lost their jobs were devastated. They first 
learned of the plans to shut the reactor down at 
noon, 5January 1973, when BruceLundin, direc¬ 
tor of NASA's Lewis Research Center in nearby 
Cleveland, Ohio, assembled them in the Plum 
Brook auditori um to tal k about the nati on's post- 
Apollo vision for space This vision included anew 
i ni ti ati ve cal I ed the Space Shuttl e> but not a nud ear 
rocket. NASA's new goals were reusability, projects 
that promised short-term results, and quick and 
efficient access to space The nuclear rocket had 
none of these attributes. Like the Apollo program, 
each nuclear rocket could be used only once; and 
its missions would consist of costly (and, some 
argued, environmentally dangerous) voyages into 


space Though proponents of the nuclear rocket 
believed that they were ready to take on a Mars 
mission with astronauts, neither the budget nor 
the nuclear incentive remained. 

Without a nuclear rocket there was no need 
f o r N ASA's o n I y I arge-scal e n u cl ear test reacto r. Th e 
closure was to be immediate; meaning that very 
day. The reactor employees were unprepared for 
this decision. The reactor had just received a new 
load of fuel elements and wasreadyto run another 
several years. In addition, many of the experiments 
had just commenced when the shutdown an¬ 
nouncement came The stunned and dejected Plum 
Brook empl oyees returned to thei r reactor i n a som¬ 
ber mood. Hours later the enti re shift stood inthe 
control room and watched Don Rhodes and Bill 
Fecych shutthereactordownforthelasttime Plum 
Brook engineer Earl Boitel recalled, "That was a 
very trau mati c experi en ce Th ere were a I ot of tears 
in people's eyes.'' 62 Asthey began lookingforother 
jobs, Plum Brook personnel lamented that one of 
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Image 119: The Apollo 17 crew— Eugene Cernan, Ronald Evans, and H arri son Schmidt—visit Lewis Research Center and have 
their picture taken with Bruce Lundin. The Apollo 17 astronauts were the last humans to walk on the M oon on 14 December 
1972. Just over two weeks later, N ASA Lewis Research Center D irector Bruce Lundin ordered the closure of the Plum Brook 
nuclear reactor due to budgetary cuts for long-term space projects This photograph was taken about five weeks after the Plum 
Brook reactor shutdown. (16 February 1973) (N ASA C-1973-00774) 


the most powerful test reactors in the world was 
not even given theopportunityto complete its last 
experimental cycle In an effort to vent their frus¬ 
tration, reactor engineers filled chalkboards once 
reserved for nuclear research with cartoons of Plum 
Brook as a si nki ng shi p. 

Plum Brook was not alonet as many reactor 
facilities were forced to close nationwide. The 
Brookhaven Graphite Research Reactor closed in 
1969, the Materials Test Reactor closed in 1970, 
and a Los Alamos reactor shut down in 1974. The 
AEC's influence was also in decline After a 1971 
Supreme Court ruling on AEC licensing proce¬ 
dures, the commission was forced to streamline 


its organization and procedures. Critics claimed 
that it was improper forthe agency to regulate the 
very same reactors that it managed. The AEC, which 
was founded in August 1946, officially suspended 
operations in October 1974 when President Ford 
signed the Energy Reorganization Act. The Act 
placed the AEC's research and development func¬ 
tions under the Energy Research Development 
Administration and its licensing functions under 
the Nuclear Regulatory Commission. 

Theshutdown of the reactor did not mean that 
the work was compl ete The reactor team was gi ven 
six months to pi ace the facility in standby mode 
By 30 June 1973, this carefully executed 
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Primary Document #9 


The first time the Plum Brook reactor employees knew that their reactor would be shutdown was during the 
following speech made by Bruce Lundin, the center director at NASA Lewis Research Center, The speech 
was made atnoon on 5 January 1973 atthe Plum Brook auditorium. Justa few hours later the reactor was 
shutdown for the last time, The following is an edited and excerpted transcript from an audiotape recording 
of the event, 

PLUM BROOKSHUTDOWN SPEECH 
Bruce Lundin 

M embers of the staff of Plum Brook Station, I've asked thatwe meettogether here atthis 
time to enable me to tell you all that I know and all that I can about what I learned 
yesterday when I was with Jim Fletcher [N ASA Administrator] and G eorge Low [N ASA 
Deputy Administrator] and others in W ashington. 0 ur country’s currentfiscal manage¬ 
ment and fiscal problems and some of the program actions at N ASA will have a very 
significant effect on all of us. I was anxious to do this at the very earliest possible 
moment. I'd justlike to check this point, I'm required to check thatonly N ASA Lewis civil 
service personnel are present here in this room. You'll see atthe end a little timetable for 
spreading this information to broader circles than just the Lewis people. 

First I'd like to give you justa few words about the total national picture to provide 
background for you and to putour necessary Lewis actions into some total picture, total 
context. I'll do this in a sketchy brief way so lean getto matters more importantto all of 
us as quickly as possible. 

Jim Fletcher has been working very closely with President N ixon the last few days, and 
of course with N ixon’s staff, the 0 ffice of M anagement and Budget, the staff arm of the 
president. And from Jim Fletcher's very open and candid remarks to all of us yesterday 
it became terribly clear. This will be no real surprise from whatyou've been reading in 
the newspaper. The President is completely determined to limit federal outlays and ex¬ 
penditures this year to that 250 billion dollar number, to have no new taxes on the 
people, and to reduce the size ofwhatN ixon refers to asa federal bureaucracy. Ifafter 
doing all of these things he can have a strong defense establishment, he’d like thattoo. 

But the President, and from the actions that Jim Fletcher had observed in Washington, 
the Presidentis indeed clear tha t he's going to restrict federal expenditures and have no 
new taxes. 

W e don'tknow the specifics to the differentagencies because of the way the President's 
been running this problem. But Jim Fletcher has touched base with his colleagues in 
W ashington and other agencies, and he got the very clear picture of large wholesale 
cuts everywhere. And this will be unfolding, of course, during the month and made clear 
in the President's budgetmessage on or around January 29th. Some entire agencies are 
disappearing completely. M any of the so-called soft programs or G reat Society pro¬ 
grams will be gone. And that was the general picture of N ixon’s management of the 
fiscal matters in the country. 

As regards N ASA now, Jim Fletcher had an understanding and gentleman's agreement 
with the President that N ASA could counton running on what was called his level 
budget concept, which was somewhat over 3 billion dollars a year. That level budget 
understanding is now gone. And Fletcher spoke of considerable disappointmentthathe 
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had to give up his level budget concept. As regards N ASA forthe restof this fiscal year 
and the impactinto fiscal 74, we find that the Shuttle is in and the A po llo-Soyuz link up 
to the docking with the Russians in space in 75 is in. Those two items are in by Presi¬ 
dential direction. The Viking Program is in the budget. 0 ur launch vehicle activities are 
secure. Skylab is, of course, going to fly in April so that will be done. Many other 
programs are disappearing from N ASA. 

N ow as regards Lewis Research Center, N ASA finds ithas to fit its total program under 
some, not only reductions in the New Obligation Authority in fiscal 74, but more 
importantly, even to fit under a very tight cost limit this current fiscal year. To fit under 
that, NASA management and the Office of M anagement and Budget, have found it 
necessary to decide to terminate all research work that cannot be expected to have a 
needed or useful application, say for a period of, within this decade. Long-range re¬ 
search and development work thatcannotbe expected to have a real need or applica¬ 
tion until the 1980s must be terminated at this time and priority given to more shorter 
range activities in say the 3 to 5 year time span. This means that essentially all nuclear 
power and nuclear propulsion R&D work will be terminated this fiscal year. 

In view of the total national picture, and after seeing this, working with the folks in 
W ashington, I can understand this and can therefore accept the rational for this deci¬ 
sion. It’s one I don'tagree with, I don't think that it's exactly rightto do it just this way, 
but I can understand it and accept it and that’s what all of us have to do now. This 
means, of course, that the reactor here at Plum Brook will be closed down during the 
remainder of this currentfiscal year. Further, the restof Plum Brook Station will have to 
be closed down atthe end of fiscal 1974. This, I should emphasize, will be done in a 
manner in which we leave itin a, whatwe call a standby or mothball condition. It’s not 
to be abandoned in place and surplused off because all of us in N ASA management 
are confidentthatmany of these very unique and importa ntfa cilities and people will be 
coming back to them to do work in them, when the space program reaches the point 
when they are needed. This will be, of course, a massive and challenging, difficult job. 
It's about the toughestjob in management. 

As far as the people go, there will be reductions in force both this fiscal year between 
now and June 30th and into next fiscal year. For Lewis I can'tgive you exactnumbers 
because they're not worked out in that kind of detail yet. For Lewis it will mean a 
reduction in force of around 400 by June 30th, generally 50/ 50 between here and 
C leveland. And another 2 to 300 people by the end of fiscal 74. 

You will hear in the days and weeks ahead, quite a bit of talk, you'll be engaged in 
some of this conversation yourself, you'll certainly read it in the newspapers or hear it 
on the radio, a bout a lot of flack going on in Congress. The Congress and the President 
are in many ways running on a collision course. It’s going to be a very active time 
between the W hite Flouse and the Hill this spring. 

M y response to all of this? W hat happened to me a week or few days ago is the same 
thing that's happening to you now. You suffer a shock thatyou can'tquite believe it, a 
feeling of pain and anguish, of course, and you lick your wounds for a day or two. 
Then you decide that's not very constructive so where do we go from here? We are 
completely dedicated to at least two things at this point. O ne is to do a very first-class 
orderly job of finishing our work here. And secondly we’re going to be completely 
dedicated to finding every one of you thatwants a job, a good job someplace. I intend 
to, M onday, as soon as I can, to call such people as Tom Paine and Harry Finger and 


N ASA's N uclear Frontier: The Plum Brook ReactorFac 



132 




many of my other friends in other agencies in government now that I can tell them 
what’s happening and make your interests and capabilities known to them. We're 
going to set up here and in C leveland a real massive outplacement service for you. 
The fact that you possess unusual skills and capabilities and experience, I've discov¬ 
ered, is known everywhere throughout the country and W ashington and there will be 
interest in a lot of places of making use of your skills and experience if the people 
have the ability to expand their staffs. 

M y own sort of philosophical views here now . . . As I think back on all of this I think 
nuclear reactor power for space really disappeared about four years ago when Tom 
Paine opted forthe shuttle instead of the space station when he wastold he could only 
have one of the two. Plum Brook was really created for a space program that simply 
didn’t materialize at a rate that permits it to be sustained now. The space program 
simply has slipped downstream in point of time. 

I was anxious to tell you the same time thatthe Congressman M osher was hearing it. 

I will be leaving here in a few minutes and going back and telling the folks in Cleve¬ 
land aboutthis, so you're the first to hear. Contractor managementwill be informed at 
1:00 today butthatwill be for managementinformation. There will be a press release 
coming out of W ashington and out of here and Cleveland at 4:00 this afternoon. All 
of this information is restricted to governmentemployees, exceptfor notifying contrac¬ 
tor management. At 4:00 a document becomes public in Washington. No doubt 
when many of you get back to your desk, your phones will start to ring and people 
will be asking you what was the meeting here for and what’s going to happen and so 
forth. I'll have to ask you to tell them, "W e always have meetings but it was nothing of 
particular concern atthis time." 

[murmuring from the crowd] 

That's aboutall I can say. That’s all I know. I've told you everything that I know up to 
this time. Probably a little bit more than I should have about some things. I don’t feel 
thatthere are any more questions that I could answer atthis time. So thanks for your 
attention and coming here and I'll be seeing all of you, I know, again in the days and 
weeks ahead. 

Thank you. 
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Image 120: This blackboard graffiti expresses the sentiments of Plum Brook employees after learning about the reactor shutdown. 
It went untouched for over twenty-five years and is now being preserved as a museum artifact. RIF stands for "reduction in 
force," which is the standard expression for layoffs at federal facilities The graffiti was one way in which employees expressed 
their deep feelings of frustration. Other graffiti includes, "Old reactors never die, they just decay away," and “Decay in peace." 
(2001) (NASA C - 2 0 01 - 011 6 6) 



Image 121: Bill Fecych shut down the reactor for the last time on 5 January 1973, as Dale M cCutheon, Dan Gardner, George 
Gowan, and others looked on. Employees had gathered in the Plum Brook auditorium for an announcement by Lewis Center 
Director Bruce Lundin, little expecting to hear the news that Plum Brook would be closed. Two hours later, stunned employees 
crowded into the reactor control room and, just after 2 p.m., witnessed the final shutdown of the Plum Brook reactor. 

(NASA C-2003-847) 
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Image 122: Two stacks are felled simultaneously during the decommissioning of the H anford reactor. In recent years, several 
other reactors besides Plum Brook have been decommissioned. Successful decommissioning projects include the Watertown 
Arsenal, Shoreham, the Saxton N udear Experimental Corporation, Argonne, Pathfinder, Elk River, Fort St. Vrain, Shippingport 
N uclear Power Station, and Trojan. (1977) (Department of Energy Photo 1001138) 
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Image 123: This calendar, left open in the reactor building just days before the reactor's final closure, has remained untouched 
for almost 30 years. Despite their disappointment at the shutdown of their facility, Plum Brook employees worked diligently for 
the next six months to put the reactor into protective safe storage. They hoped that this mothballing procedure would allow the 
reactor to be reactivated at a future date when research could again be funded. (2001) (N ASA C-2001-1182) 


"mothballing" procedure was completed. Of the 
200 or so Plum Brook reactor employees, the vast 
majority left NASA. About twenty were sent to 
LewisResearch Center. Mosteasilyfound new work 
either in other government agencies or in private 
industry. Their experiences at the Plum Brook re¬ 
actor gave them valuable skills that were coveted 
by other organizations. NASA also helped them 
find new work through elaborate job placement 
assistance 

The facility was mothballed with such care 
partly because many of the employees expected 
thatitwould reopen again i n the near future Ini¬ 
tially, itwasthoughtthatthereactorwould be used 


again if the nation revived the human Mars mis¬ 
sion i n the 1980s. I n the meanti me^ other possi bl e 
uses for the reactor and the other fad I iti es at PI um 
Brook Station wereexplored. I n Apri 11973, asym- 
posium of over fifty scientists, educators, politi¬ 
cians, and economists was held to expl ore future 
uses of the station. Their proposals included an 
industrial park and a multi-university research cen¬ 
ter. U.S. Representative Charles Mosher pursued 
several other options One pi an was to convert the 
reactor into a power facility, but both theAEC and 
NASA said that was impossible Another proposal 
called for using the reactor at a lower power (six 
megawatts) for continued neutron activation 
analysis testing for the EPA (which had already 
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Image 124: Spurred by the energy crisis, N ASA, and the Energy Research and Development Administration (ERDA) installed 
this large 100-kilowatt wind turbine for alternative energy research at Plum Brook. The 100-foot tower supported two sixty-two- 
foot blades, which could reach forty rpm in eighteen-mph winds W hen the Plum Brook reactor shutdown was announced, 
Congressman M osher and others endeavored to find alternative uses for Plum Brook Station. The wind turbine was one of the 
few successful programs on the station in the 1970s and 1980s. By the late 1980s, several of the testing sites at Plum Brook were 
reactivated and remain in operation today. (28 September 1976) (NASA C-1976-3906) 


M othballing the Reactor 


139 










Image 125: After its mothballing in 1973, the reactor went silent. It was visited only by the numerous deer in the area and a 
skeleton crew that continued to monitor the facility during the standby period. (NASA C-1961-55643) 


been started with experiment 70-08). Dr. James 
Blue of the NASA Lewis Research Center's cyclo¬ 
tron facility proposed another use for the reactor. 
At the time; Blue was working with the Cleveland 
Clinic treati ngcancerpatientswithneutronsfrom 
the cyclotron. With a ten-year grant from the Na¬ 
tional Cancer Institute, he helped treat over 4,000 
pati ents at Lewi s. H e suggested convert ng Q uad- 
rant Bat Plum Brook into a medical facility to use 
epithermal neutrons to treat patients who had 
brain tumors called glioblastoma. 63 Any decision 
for future use had to be made before the reactor 
was to be finally shut down in June 1973. When 
no decision came about, it became clear that the 
mothbal I i ng procedure was goi ng to be permanent. 


Duri ng spri ng 1973 the reactor area was fenced 
off and locked. The nuclear fuel and wastes were 
removed, and the sti 11 radi oacti ve equi pment was 
placed in the hot laboratories, containment ves¬ 
sel, and canals The rest of the facility was decon¬ 
taminated and became subject to NRC licensing. 
Emergency telephone; water, and electrical systems 
were retai ned. The N RC's "possess but do not op¬ 
erate" license required annual renewals, quarterly 
radiological testing, and regular inspections of 
alarms and security tools. It also required a staffed 
communication center, an administrative staff, and 
the continuation of regular records and reports— 
enough to keep a skeleton crew at work. 
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Image 126: For almost thirty years the facility remained sealed and constantly monitored to ensure that no contamination 
escaped. FI owever, aesthetic maintenance was not as important, as shown by the peeling paint on the once shiny reactor dome. 
(1981) (NASA C-1981-4957) 


In 1976, a new proposal to NASA headquar¬ 
ters suggested four options for the future of Plum 
Brook Station. The main recommendation was for 
an estimated three-year, $1,200,000 reactor¬ 
decommissioning project. Decommissioning was 
consi dered so costl y N ASA deci ded to mai ntai n the 
reactor in standby mode The problem was that 
the costs to keep the fad I ity mothbal I ed rose dra¬ 
matical I y every year. In 1979, it was estimated that 
retaining the reactor in standby condition cost 
$230,000annually. Meanwhile anew 1979analy- 
sis estimated that decommissioning the reactor 


facility would require six years and $14,744,000. 
Again, NASA declined to decommission it. Even¬ 
tually, however, the agency could not ignore the 
rising costs. NASA knew that it would have to per¬ 
form this task, and with each year the decommis¬ 
sioning growi ng more expen si ve> i t fi nal I y deci ded 
to allocate the funds for the project in 1998. 
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Returning the Land 


Visiting the Plum Brook reactor today is like 
exploring a modern day archeological preserve It 
is an eerie Pompeii-Iike place where the physical 
remains of the reactor's final hours have been left 
untouched. Papers remain on desks, paint peels 
from the walls, calendars stand frozen in time in 
June 1973, dusty equations linger on blackboards, 
and tools are still scattered on workbenches. Nu¬ 
merous ashtrays, some built into the testing ma- 
chi nes themselves, bear the scars of thousands of 
ci garettes ground i nto them over the years. Posters 
from J. Edgar H oover and the FBI conti nue to ad- 
monish, "A theft from your government is a theft 
from YOU !" In contrast to the artifacts that were 
left haphazardly forgotten, meticulous attention 
was given to mai ntai ni ng the reactor core and en¬ 
suring its environmental safety. It is a testament to 
the scientists and engineers who were responsible 
for dosi ng down the reactor that none of its struc¬ 
tures began to physically deteriorate and endan¬ 
ger the surrounding community. 


Th e reacto r remai n ed i n th i s moth bal I state fo r 
a quarter century until it opened once again, but 
this time not for research. In 1998, NASA requested 
annual renewal of its "possess but do not operate" 
license from the NRC. The NRC responded byask- 
i ng N ASA to consi der decommi ssi oni ng the enti re 
reactor because it was becoming increasingly ex¬ 
pensive to mai ntai n thefaci I ity and the half-1 ifeof 
many of the isotopes had lapsed, making it safer 
to tear down. NASA agreed and approved thefunds 
to dismantle the fad I ity with a projected comple¬ 
tion date in 2007.1 n December 1999, NASA sub¬ 
mitted a decommissioning plan to the NRC. 64 

The plan described an extensive decommis¬ 
sion i n g p ro cess th rough wh i ch, pi ece by pi ece, the 
entire building would be dismantled. Engineers 
planned to transform the 117-acre site into an 
empty field, with an assurance to environmental¬ 
ists that the ground would be safe enough for a 
family to actually live on the land, grow crops on 
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Image 127: D espite the fact that decommissioning work had been on-going since 2001, the felling of the 193-foot-tall double 
water tower was one of the first external signs that the Plum Brook reactor was being dismantled. The tower stood adjacent to 
the Reactor Facility from 1959 until its demolition in October 15, 2003. Workers placed explosive charges on the legs of the 
tower to collapse it in a controlled manner. The felled tower was then cut into pieces and shipped offsite for disposal. 

(NASA C-2004-742), (NASA C-2004-743), (NASA C-2004-744), (NASA C-2004-745) 
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Image 128: Above, Dean Sheibley and Barbara Johnson perform studies in the Plum Brook chemistry lab in 1961 before the 
reactor was shut down. (NASA C-1961-55639) 



Image 129: The chemistry lab forty years later, in 2001. The Plum Brook reactor, once a lively research center, had become a 
ghost town. (N ASA C-2001-1173) 
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Image 130: Bill Fecych (seated) and Don Johnson work in the reactor control room during its operating days in 1959. After an 
ad hoc committee study in 1977, N ASA H eadquarters decided that the reactor would never be put back into operation. Reactor 
equipment was then "cannibalized" for other programs (N ASA C-1959-51506) 



Image 131: The Plum Brook reactor control room in 2001, stripped of a significant amount of its instrumentation. (N ASA 
C-2001-01221) 
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Image 132: Above, after serving as the site for the 0 rdnance Works pentolite production facility and the N ASA reactor for over 
sixty years, this land will be restored by the decommissioning process to a condition safe enough to allow crops to be grown upon 
it again. (NASA C - 2001-01214) 



Image 133: An existing natural field at Plum Brook Station. (N ASA Glenn Environmental M anagement Office) 
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I mage 134: Decommissioning manager Tim Polich (second from left) and Keith Peecook (right) consult with former reactor 
employeesjim M artz (left), Len H omyak (third from left), and Jack Crooks (second from right). Retired Plum Brook employees 
have assisted the decommissioning team throughout the decommissioning process (2002) (NASA C-2002-1023) 


it, drink water, and raise livestock. 65 Great care 
would betaken to decontaminate everything that 
came into contact with radiation before being 
transported to landfills in Utah and South Caro¬ 
lina. Keith Peecook, senior project engineer, ob¬ 
served, "It's not just going in with a wrecking ball, 
it's a little more surgical in nature" 66 

The cornerstone of the pi an was a federal part- 
nership between NASA, the U.S. Army Corps of 
Engineers(USACE), and ArgonneNational Labo¬ 
ratories (a section of the U .S. Department of En¬ 
ergy). USACE was an important partner because it 
had extensive experience managing large cleanup 
and construction projects. It also served as an im¬ 
portant link to expertise in the private sector. 


USACE hired Montgomery Watson Harza from 
Pasadena, California, as prime contractor for the 
proj ect. D u ke En gi n eeri n g Servi ces fro m C h arl otte 
North Carolina, and MOTA Corporation from 
Columbia, South Carolina, were also chosen as 
subcontractors to assist with the engineering 
challenges. 67 

Despite the i importance of theteam, NASA was 
the organization that was ultimately responsible 
for the decommissioning process. Tim Polich left 
the NRC to become NASA's decommissioning 
managerin 1999. Heand histeam became respon¬ 
sible for overseeing the entire process, which is 
sometimes conceptualized as construction in re¬ 
verse Unlike conventional building from the 
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Image 135: I n September 2002, Plum Brook Station held its third reunion for former employees About 250 people 
attended. W hile the reactor itself was closed because of the decommissioning process, most of the retirees did not 
even visit the site's exterior because they wanted to remember the way it was, and not in its current state of disrepair. 
(NASA C-2002-01879) 


ground up, Polich and his team are literally pro¬ 
ceeding from the roof to the ground. Thi s i nd udes 
removingand safely disposingalI radioactive ma¬ 
ted als, decontami nati ng and demol i shi ng al I of the 
buildings at the site, and finally backfilling the 
entire area with clean fill dirt. On 21 March 2002 
the N RC offi ci al I y approved the decommi ssi oni ng 
plan. NASAGIenn Research Center director Donald 
J. Campbell said that the NRC approval of NASA's 
approach "reflects confidence in the capabilities 
and experience of our project team... The pre¬ 
decommissioning activities to date were just the 
beginning; now the real work begins." 68 

Throughout the decommissioning process, 
safety issues continue to be a primary focus to 
protect the workers, the surroundi ng community, 
and the environment. Tim Polich affirmed that 


"NASA is committed to the safest method of de¬ 
commi ssi oningthese reacto rs " 69 Every wo rker an d 
vi si to r to th e reacto r i s gi ven exten si ve trai n i n g and 
must pass a test to prove awareness of radiation 
safety issues. Everyonewho goes insidethe reactor 
carries a personal dosimeter, which indicates an 
unplanned exposure to radiation. Also, upon leav¬ 
ing the reactor, everyone must pass through full- 
body radiation monitors to detect any trace 
amounts of contamination. 

The nearby community is kept informed 
through the Multifaceted Community Relations 
Plan, which was established to educate the public 
about decommi ssi on ing activities. Italso conducts 
extensive research with peoplefrom the surround¬ 
ing area to ensure that they understand what is 
happening behind the secured Plum Brookfences. 
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Image 136: In April 2002, Keith Peecook led the Decommissioning Community Workgroup on a tour through the reactor facility. 
The tour was designed to demonstrate the safety measures in force during the decommissioning process. (N ASA C- 2003-852) 


NASA assures the community that any family liv¬ 
ing in the area will receive no more than a dose of 
twenty-fi ve mi 11 i rems of radi ati on per year because 
of their proximity to the reactor. Ohio residents 
on average receive about 360 millirems per year 
from the sun, and the government has I i mited the 
radiation dose that a worker may receive on the 
job during any year to no more than 5,000 mil- 
I i rems. Those who work at the site every day dur¬ 
ing a year will likely receive only about one-fifth 
that amount. 

Environmental precautions are also rigorously 
followed. Every week air samples are taken, and 
water samples from the area are collected every 
month for analysis at an offsite laboratory. The 
Plum Brook decommissioning is considered 


NASA's largest environmental project, not only 
because of the importance of safely disposing of 
radioactive remains, but also because the surround¬ 
ing area is a unique natural preserve 

Despite being home to the production of 
nearly one billion pounds of gunpowder during 
Worl d War 11 and two nud ear reactors si nee 1961, 
much of the protected area inside the Plum Brook 
fences remai ns remarkably unspoi led. Today PI um 
Brook's 6,400 acres of land demonstrate an incred¬ 
ible ecological variety and vitality, including 521 
plant, 125 breedingbird, 21amphibian/reptilei 16 
fish, 53 butterfly, 450 moth, and 8 bat species. Sev¬ 
eral of these are protected by the Endangered Spe- 
ciesAct, which maintainsthatfederal agencies can- 
n ot j eo pard i ze th e exi sten ce of any th reaten ed spe- 
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Image 137: This swampy wetlands area is home to a Saturated Shrubland Alliance of dogwoods and willows Plum Brook 
Station's approximately 5,400 acres contain a wide variety of wildlife and natural habitats, including fields, meadows, forests, 
and wetlands. (NASA Glenn Environmental M anagement Office) 


cies. Plum Brook has 20 plant, 8 bird, 3 amphib- 
ian/reptile and 1 moth protected species. Eleven 
populations of Least St. J ohn's Wort grow at PI um 
Brook, which represents the largest concentrations 
ofthisplantin Ohio. TheSedge Wren usesthearea 
as one of the most important breeding grounds 
for its species. In recent years a Bald Eagle pair built 
a nest at thefaci I ity and on I ookers were treated to 
the rare sight of baby eagles. 

Tire Plum Brook forests and plains are also 
unique The central meadows area is significant 
because O hi o has no other nati ve prai ri e I ocati ons 
like it. Though the presence of humans has re 
stricted its natural growth, through proper cultiva- 
ti o n i t h as great potenti al to be resto red to i ts o ri gi - 
nal condition. Thewest area native forests are also 
important. According to Mike Blotzer, chief of the 
Environmental Management Office at Glenn Re 
search Center, "[The region] may be one of the 


most significant remnant forest areas in the Ohio 
Lake Plain. It is unique as a remarkable represen¬ 
tation of Ohio forest conditions at theti me of the 
early settlement i n the early 19th century.'' 70 

I ro n i cal I y, th e I an d th e govern ment fo rci b I y ac- 
quired through eminent domain in 1940 for use 
as an ordnance works—and later as the home of 
NASA's most powerful nuclear test reactor—will 
once again be restored to its natural condition. 
From the natural frontier, to the nuclear frontier, 
and back agai n, the PI um Brook I and demonstrates 
the resiliency of nature and its adaptability to 
modern development. But what must not be for¬ 
gotten is that without the emphasis on safety and 
environmental preservation by NASA's scientists 
and engineers, the dangers of nuclear research 
might have forever contaminated an important 
piece of our American heritage 
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Image 138: Ashy sunflower plants are scattered around Ohio, butthePlum Brook Station probably has the state's largest natural 
population. A 1994 survey found the population near the intersection of Fox and Patrol Roads had been decimated by deer 
grazing. No flowers or fruits were observed that year, but the species had recovered dramatically by 2001, apparently due to the 
deer management that has been practiced within the facility. (NASA Glenn Environmental M anagement Office) 



Image 139: Despite being cleared and drained for farming long before World War II, Plum Brook Station contains a wide 
variety of forest areas This seasonally flooded Forest Alliance of pin oaks and the many other wooded areas, are no more than 
sixty years old—and may be younger than that. (NASA Glenn Environmental M anagement Office) 
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Image 140: Plum Brook Station's protected fence line has created a sanctuary for a plethora of wildlife populations The deer 
population inside the fence is often in excess of 2,000. Controlled hunts are occasionally scheduled to keep the number of deer in 
proportion with a sustainable habitat. (N ASA C-2003-853) 



Image 141: In recent years, Bald Eagles have been observed nesting at Plum Brook. (NASA C-2004-771) 
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Image 142: Artist's rendering of a nuclear rocket capable of reaching the M oon in 24 hours This image was developed for 
NASA by Pat Rawlings and Bill Gleason (SAIC). (NASA S99-04186) 


Though Kennedy's dream of a nuclear rocket 
went unrealized in the 1960s, it has now become 
one of NASA's most pressing goalsfor the future 
N ASA i s revi si ti n g th e advantages of desi gn i n g an d 
construed ng nud ear rockets for space expl orati on 
and an eventual human voyage to Mars. NASA Ad¬ 
ministrator Sean O'Keefe outlined NASA's new 
nuclear vision for the future in April 2002, which 
includes the launch of space probes to the outer 
solar system. 

After Plum Brook's shutdown, few other reac¬ 
tors conti nued to study the effects of radi ati on on 


materialsin space Intheend, Plum Brook's basic 
research into the effects of radiation on materials 
may serve as an important starting point for the 
rej uvenated n ud ear program. M any of the materi - 
als that might be used for the new nuclear initia- 
ti ve were origi nal Iy tested i n the PI um Brook reac¬ 
tor decades ago. Though the reactor is now quiet, 
its archived data can be resurrected and put to use 
as Ameri ca begi ns a renewed quest to expl ore the 
fronti ers of outer space with nud ear rockets. 
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Primary Document #7 


N ASA Administrator Sean 0 'Keefe delivered his vision for the future of N ASA on 12 April 2002 atthe 
Maxwell School of Citizenship and Public Affairs, University of Syracuse. He recommitted NASA to 
pursuing a nuclear rocketas the best hope for exploring the solar system, The following is an excerpt of 
that speech, focusing on his plans to develop nuclear rockets. 


"PION EERING THE FUTURE” 

Sean 0 'Keefe 
N ASA Administrator 
April 12, 2002 

... In broad terms, our mandate is to pioneer the future, to push the envelop, to do what has 
never been done before. An amazing charter indeed. NASA is what Americans, and the 
people of the world, think of when the conversation turns to the future. 

... W hat N ASA needs now is a roadmap to continue our work in a more efficient, collabora¬ 
tive manner. 0 ur imperative is not only for the sake of knowledge— it is for our future and our 
security. Today I am introducing a new strategic framework and vision for NASA. It is a 
blueprint for the future of exploration. 

... N ASA has to do things differently in the future. 0 ne fundamental difference is a need to 
find new ways to explore the galaxy. Conventional rocketsand fuel simply a ren't pra ctica I as 
we reach further out into the cosmos. That's why we are launching an initiative to explore the 
use of nuclear propulsion. 

0 ne of the major obstacles of deep space travel is finding fast and efficient ways to get 
around, to get to anywhere. Today's spacecraft travel at speeds slightly faster than John 
G lenn’s Friendship 7 did 40 years ago. N ASA has explored the use of solar sails and ion 
engines as alternatives to conventional fuels, but their uses are limited and restricts us to very 
close-in objectives, or if used for deep space exploration, require us to wait a long time 
before we see results— a minimum of 10 years for example, to get to the edge of our own 
solar system, and a lot longer if we miss the "sling shot" effect of optimum planet alignment. 
So the nuclear propulsion initiative is the next logical step to overcome this technology limi¬ 
tation. It's a mature technology and its application to space travel has great potential. The 
U.S. N avy has been operating nuclear powered vessels since 1955. In that time, the N avy 
has sailed more than 120 million miles without incident, and has safely operated these 
efficient power generators for more than 5000 reactor-years. And throughout that time, the 
N avy has designed more compact, safer, and more efficient reactors, which last the 40-year 
life of the vessels without refueling. 

The technology is there. W e justneed to take itto the next step to increase speed and on-orbit 
time, thereby beginning to overcome this persistent technical limitation. If we're going to 
pioneer the future as only N ASA can, we’re going to need new ways to get us there. 
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Appendices 



Image 143: Gazing into the abyss, employees soak up the quiet calm of the Plum Brook reactor at night. M any times on the 
overnight shift, the operators would turn off the overhead lights in the control room and work by the glow of the indicator lights 
In addition to having a soothing effect, this also brought out the indicator colors, so if there was any abnormality it jumped right 
out at the operator. M usic was also piped into the control room. (1959) (NASA C-2003-852) 
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Timeline_ 

1941 In January, U.S. Army announces Plum Brook site selection for an Ordnance Works (9,000 
acres). It begins buying options on properties and town meetings are held. In March, the 
remai nder of deeds are purchased. Resi dents are gi ven unti I Apri I to vacate I n Apri I, E.B. 
Badger & Sons begin construction. In September, a dedication ceremony is held. In Novem¬ 
ber, Plum Brook's first trinitrotoluene (TNT) production line begins operation, twenty-two 
days before Pearl H arbor is attacked by Japan. 

1942 I n August, Abbott & Costello visit PI um Brook Ordnance Works as part of war bond 
campaign. 

1943 In April, theB-17 bomber bought with Plum Brook bonds is christened the Plum Brook 
Trojanair. The first research reactor is built at the University of Chicago. 

1945 I n M ay, Germany surrenders; i n August, J apan surrenders. PI um Brook ceases produci ng 
munitions. In December, Plum Brook land istransferred from Trojan to the Army. 

1946 War Assets Administration accepts custody of Plum Brook. The Atomic Energy Commission 
(AEC) isfounded. 

1947 Magazine area is renamed the Plum Brook Depot Activity. 

1949 I n May, NACA Lewis Laboratory acquires cyclotron for basic materials research. The Plum 
Brook land istransferred to theGeneral Services Administration. 

1951 NACA begins examining requirements to build research facilities and test nuclear enginesfor 
airplanes. 

1952 In March, the Materials Test Reactor at Idaho Fallssustains itsfirst nuclear reaction. Itwill 
serve as a model for the PI um Brook Reactor Fad I ity. 

1953 President Eisenhower delivers "Atomsfor Peace" speech to the United Nations General 
Assembly. 

1954 Injanuary, the USS Nautilus, the world'sfirst nuclear submarine^ ischristened. Nudearschool 
begins at Lewis. Army reacquires Plum Brook from General Services Administration; it be¬ 
comes a satel I ite of the Ravenna Arsenal for the Korean War. 

1955 Nuclear space initiative begins with two primary programs: Nuclear Engine for Rocket Vehicle 
Application (NERVA) and Space Nuclear Auxiliary Program (SNAP). NACA proposes concept 
of nuclear reactor facility to AEC. Site Survey for NACA Research Reactor published (Septem¬ 
ber 13), and Plum Brook site is chosen. Congress approves construction of sixty-megawatt 
reactor. A B-36 bomber begins forty-seven flights over Texas with a nonpropulsivetest reactor 
aboard. 
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1956 AEC announces testing in Idaho on stationary forerunner of the atomic aircraft engine The 
NACAisgiven permission to use 500 acres for Plum Brook reactor. In September, ground is 
broken for the PI um Brook Reactor Fad I ity. I n October, N ACA Reactor Faci I ity H azards 
Summary is submitted to AEC. 

1957 In October, the Soviet Union launches Sputnik. 

1958 In January, the Army transfers 3,180 acres to NACA for a five-year period. In March, thePlum 
Brook area is released from the jurisdiction of the Ravenna Arsenal. Injuns 65 percent of the 
construction iscomplete In October, the NACA transforms into NASA. 

1959 In December, an updated Final Hazards Summary is submitted to the AEC. 

1960 Provisional operating license is issued by the AEC. The jointAEC-N ASA Space Nuclear Propul¬ 
sion Office(SNPO) isformed. SNPO is given the responsibility to build the NERVA, thefirst 
nuclear rocket engine 

1961 In March, President Kennedy terminates the nuclear airplane program. In May, Kennedy lends 
support to the nuclear rocket program in his "Urgent National Needs" speech. Low-power 
testing is performed at Plum Brook in June On 14 June 1961, the Plum Brook test reactor 
goes critical for the first time 

1962 In May, the United States Congress approves $40 million expansion program for Plum Brook 
i n the next fi seal year. 

1963 I n Apri I, the reactor reaches ful I sixty-megawatt power for the fi rst ti me I n J uly, it reaches 
critical ity for its first experimental cycle, which is completed on August 15. Also in July, the 
Mock-Up Reactor(MUR) receives its license from the AEC. TheMUR begins operation on 
September 5 and goes critical for the first time on September 10. In October, over 1,600 
people visit the Plum Brook reactor during a public relations event. In December, the hot 

I aboratory becomes operati onal. 

1964 Plum Brook reactor completes its first year of operation at ful I power. The first fueled experi¬ 
ment is run in the reactor in August. 

1966 The Plum Brook reactor completes its 50th cycle 

1969 The Plum Brook reactor completes its 100th cycle 

1970 The reactor begins investigations for the Environmental Protection Agency. 

1972 In December, the last astronauts walk on the Moon with Apollo 17. 

1973 Injanuary, NASA Lewisdirector Bruce Lundin announces immediate shutdown of reactor. All 
experimental programs end that day. By June, "mothballing" of the reactor is complete 

1974 Bob Didelot begins work as standby manager; he maintains this job until 1980. The AEC is 
suspended and becomes the Nuclear Regulatory Commission (NRC). 



Appendices: Timeline 


163 













1976 Four future uses for the PI um Brook reactor are suggested to NASA headquarters. 

1977 Thedecision ismadeto not restart the reactor. Reactor equipment begins to be cannibalized 
by other programs. 

1978 Teledyne performs a decommissi oni ng opti ons study. 

1980 Injanuary, a decommissioning project office is established at Lewi s Research Center. In 
March, N ASA submi ts a five-year dismantling pi an to the NRC. In September, Earl Boitel 
becomes new PI um Brook reactor standby manager. 

1981 In May, theorderto dismantle is not carried out for budget reasons. 

1983 In April, the Plum Brook Procedures Manual is completely rewritten to reflect pre-dismantling 
work. Radiological surveys are performed on the cooling tower and disposal basins. In July, 
the reactor cooling tower is razed and burned. 

1984 The Plum Brook reactor is granted a "possess but do not operate" license 

1985 Injanuary, cracks in pipes allow liquid to leak into basement of the hot lab. In July, NASA 
requests a return to "possess but do not operate" license and rescinds dismantling order. In 
October, Hank Pfanner becomes new standby manager. 

1987 Injanuary, a "possess but do not operate" license is reinstated for a ten-year period. 

1989 In March, Sverdrup Technology, Inc., assumes control of maintaining the reactor and operat¬ 
ing test sites. 

1996 A $900,000 maintenance project performed. 

1999 In December, NASA submits its decommissioning pi an to NRC. Tim Polich becomes NASA's 
decommi ssi oni ng manager. 

2002 In March, NRC approves the PI um Brook plan and decommissioning starts. In April, NASA 
administrator Sean O'Keefe outlines a new vision for a nuclear rocket. 

2007 Projected completion date for Plum Brook reactor decommissioning. 
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Reactor Experiments 


Note: Data from this table was compiled from the 152 reactor-cycle reports located in the NASA Plum 
Brook Station Library. The cycle column refers not only to when the experiments were in the reactor, but 
also indicates when preparatory work began in setting up the equipment. 


Exp. 

Number 

Cycles 

Name 

62-01 

3,5-84 

Lockheed Cyrogenic Experiment 

62-02 

36-52 
54-63, 75 

In-PileHelium Cooled Loop 

62-03 

3-11 

Neutron Scatteri ng and 


30, 31, 
33-45 
58-61, 

64, 

75-79, 

83-88, 

92-94, 

96-100 

102-103 

Diffraction Experiment 

62-04 

76, 

78-152 

Irradiation of Solid Film Lubricants 

62-05 

19, 21-31, 
33-91 

93-m 

Neutron Diffraction 


Description 

Determined the effects of radiation on 
materi als at cryogenic temperatures 

Aided in evaluating loop performance 
under gamma heating on the in-pile 
experi ments. A great deal of effort went 
into preparing equipment for this type 
of experimentation. 

Provided a col I i mated beam of gamma 
and neutron radiation for use by 
experimenters. 


The experi mental data for th i s test was 
programmed on the ED LAS computer. 
Uti I ized a col I i mated beam of thermal 
neutrons emergi ng from H B-4 to con 
duct experiments in basic physics, and 
more specifically in neutron diffraction 
studies. For example during one cycle 
fifty-two data poi nt runs were made with 
a bari um chlorate monohydrate crystal. 
Duri ng another, ninety-three data points 
were made with a calcium bromate 
monohydrate crystal. 
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Exp. 

Number 

Cycles 

Name 

Description 

62-05R1 


1 nterim N ERVA1 rradiation 

Modifications to the previous experiment 
were made to i mprove the rel i abi 1 ity of 
the system. 

62-06 

30, 

45-49 

55-75 

General Electric N ERVA Actuator 

After a great deal of setup ti me i n N ovem- 
ber 1967 drum actuator type AG20 was 
i rrad i ated fo r si xty-fi ve m i n utes at si xty 
megawatts of power. 

62-07 

3, 5-8, 
12-15, 
19-24, 30 

Mallory and Tungsten Irradiation 

Determined the radiation effectson 
material properties and corrosion 
resistance of Mallory 1000 and pure 
tungsten. 

62-07R1 

76-78 

Radiation Effects on Material 
Properties of Tungsten 

A capsule that contained thirty tungsten 
tensi 1 e test sped mens was i rrad i ated. 

62-09 

3 

PB Space Propulsion Facility 
Activation Measurement 

Determined the optimum material 
composition for walls at Plum Brook's 
Space Propulsion Facility. Rabbits were 
irradiated with samples of unclad and 
cadmium-clad 304 stain less steel, and 
unclad and cadmium-clad 5083 
aluminum. 

62-12 

19, 21, 
23-45 

49, 51-53, 
55, 62, 

63, 65, 
70-72 

76, 79, 91 
96-100, 
102-104, 
108, 109, 
111, 118, 

146 

Fueled Material Specimens 
Irradiation 

Evaluated the fuel and fission product 
retention qualities of tungsten-uranium 
dioxide dispersions, which are fission 
heated to anticipate rocket fuel element 
operating temperatures. Capsules from 
this experi ment were sent to the Battel le 
Memorial Institute and the Westinghouse 
Electric Corporation for posti rradi ation 
examination. 
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Exp. 

Number 

Cycles 

Name 

62-12R1 

73-75, 77, 
78, 81, 82 
85-93 
95-152 

Fueled Material Specimen 

62-13 

102-103, 

105 


62-13R1 

42-45 

Thermionic Materials Irradiation 

62-13R2 

80-116, 

118, 119, 
124-126 

Thermionic Materials Irradiation 

62-14 

3-105, 

107-152 

Irradiation of PBRF Materials 

62-15 

20-73, 97 

Fueled Refractory Compounds 
Irradiation 

62-16 

64, 65, 76 

N ERVA Components 1 rradi ati on 


Description 


A series of tests determi ned the extent of 
irradiation uranium dioxide relocation and 
densification in small fuel pi ns operating at 
high-clad surface temperatures. During 
Cycle88, engineers irradiated a stainless 
steel shell-typecapsulecontaining a sealed 
fuel pin. The purpose of this experiment 
was to provide the capsulethat was re¬ 
quired for checkout of the Plum Brook hot 
cel I fracturi ng device and to determi ne the 
extent of pressure bui I dup i n the seal ed 
fuel pin. 


I nvestigated the long-term effects of critical 
materials used in the construction of the 
reactor. For example; in Cycle4, sixty 
carbon steel sped mens were i rradi ated that 
were identical to the material that was used 
in construction of the reactor pressure tank. 


Studied the effects of irradiation of refract¬ 
ory fuel components at high specific power 
to high burnups. This was the first fueled 
experiment. It was sponsored by 
Westinghouse 

Included shielding materials tests. 
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Exp. 

Number 

Cycles 

Name 

63-01 

n-28 

M easu rements of M ateri al s fo r 

SPF Walls 

63-02 

25-27, 30 

Thermal Conductivity of Refractory 
Fuel Compounds 

63-03R2 

82-87, 

95-98, 

100-112, 

119-122, 

126-128, 

130-134, 

137-139 

Thermionic Diode 1 rradiation 

63-03 

28-38, 58 
60, 76, 93, 
94, 100, 115 
116, 122 

Martin Thermionic Diode 

Irradiation 

63-04 

76, 78-84 
88, 93, 
95-98 

Thermionic Reactor Fuel Form 
and Insulator Irradiation 

63-05 

48, 14, 16, 
17, 20, 22, 
28, 29, 55, 
58, 60 

Westi nghouse 1 nteri m N ERVA 
Experiment 


Description 


Tested the radiation effects on the full-scale 
thickness of the Space Propulsion Facility 
chamber walls. This included aluminum 
pi ate and foi Is and nonborated concrete 
block. 

Continuously measured the in-pile thermal 
conductivity of high-density UO 2 fuel at 
temperatures up to 2,200 degrees Cel si us 

The di ode was i rradi ated at defi ned 
temperatures to see how it would react. 
DuringCycle83thediodewould not 
generate current. 


Demonstrated the reliable performance 
of a state-of-the-art thermionic diode in a 
nuclear reactor. 


Thermocouple readings were measured as 
the experi ment capsules were subjected to 
helium and argon at various power levels 
in the reactor. Polaroid photos were then 
sometimes taken of the disassembled 
capsules 

Provided information on materials 
selection for components used for the 
N ERVA reactor designed by the 
Westi nghouseAstronuclear Laboratory. 
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Exp. 

Number 

Cycles 

Name 

Description 

63-05R1 

30-48, 58 

N ERVA Transducer 1 rradi ati on 
Program 

Sponsored by Westinghouse; this modified 
the previous 63-05 experi ment through 
the addition of a Charging Table Other 
modifications included an HT-1 isolation 
valve; a capsule seal assembly, a seal pump, 
controls for the table drive; a pump, a valve 
motor, and new piping. 

63-07 

36 

Rabbit test of M al 1 ory M aterial to 
establish source of tungsten in 
coolant 

Investigated the tungsten 187 buildup in 
the pri mary cool i ng water system duri ng 
the reactors full-power reactor operation. 

63-08 

14, 15 

Sperry Experiment: Irradiation of 
Digital Computer Components 

Evaluated the radiation temperature 
resistance of materials used in digital 
computer switchi ng ci rcuits. 

63-09 

8, 24-75 

122 

N uclear Electric Sub-Systems and 
Component 1 rradi ati on 

1 nvestigated the effects of neutron and 
gamma radiation on the input and out¬ 
put parameters of nuclear-electric compo¬ 
nents and subsytems. The experi ment was 
for the SNAP-8 program. In Cycle 32 a 
sheet metal "roof” was constructed over the 
instrumentation rack to prevent damage 
from water dri ppage 

63-09R1 

76-79 

81-88, 

92-96, 

99-105, 

107-129 

N uclear Electric Subsystems and 
Components 

Testing included a foil plate and holder 
with thermocouples attached. Argon-41 
buildup and biological shielding 
effecti veness were tested. 

63-10 

23-30 

Alumina Insulators Irradiation 

Examined the effects of radiation on the 
electrical resistivity of high-purity alumina 
insulators. 

63-11 

10, 11 


Investigated radiation effects on tungsten 
metal. Most important, it examined the 
elastic recoil mechanism of tungsten and 
also tungsten effective resonance integral 
measurements 
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Exp. 

Number 

63-llRl 

Cycles 

31 

Name 

Description 

Two rabbits with tungsten specimens and 
fl ux measuri ng foi Is were i rradi ated for 
sixty seconds They were then packaged in 
the hot 1 ab and sent to the experi ment 
sponsor. 

63-12 

46-56, 58 

Radioscope Electrical Generator 


63-12HL 

45, 57-61, 
88, 93-96 
98-103, 105 

Rad i osco pe El ectri cal Generato r 

Tested and eval uated the concept of 
direct conversion of the kinetic energy of 
radioscope decay into electrical power. 

64-01 

58 

Irradiation of Fuel/Clad Emitters 

Performed for General Electric sponsor in 
California. 

64-01R1 

38-58 

Fuel/Clad Emitter Irradiation 

M odifi cations were made to i mprove pre¬ 
vious experi ments. 

64-02 

12-14, 
30-34, 36 

Copper Irradiation 

Produced theCu-64 isotope by exposing 
a high-purity copper foil to a thermal 
neutron fl ux The Cu-64 could be used as a 
positron source to investigate the behavior 
of positronium in liquid gases 

64-03 

12, 20 


Produced a radioactive source (sodium-24) 
of such magnitude that it can be used 
to evaluate the decontamination efficiency 
of the newly built evaporator located at the 
PBRF waste handling building. 

64-04 

22, 24-26, 
28-43, 50, 
51, 65 

Concrete Materials Trace Element 
Control 

Determined by neutron activation of 
concrete samples whether or not the 
sample batch is satisfactory for the con¬ 
struction of the Space Propulsion Facility 
biological shield. 

64-06 

89-92, 95, 
97, 98, 
100-105, 
107-112, 
117-119 

Radiation Damage Experi ments i n 
Ion Complexerand Exchanger 
Systems 

The purpose of thi s experi ment was to 
procure basic data necessary to determi ne 
the feasi bi 1 ity of a concept for control of 
a water-moderated nuclear reactor. 
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Exp. 

Number 

Cycles 

Name 

Description 

65-01 

40 

Production of Uniform Line Source 

Thi rty-eight target sped mens were loaded 
into two rabbits Deionized water was 
added to each of the rabbits, which were 
then welded shut. One rabbit was then 
irradiated for just over sixty-one hours 
and inspected. The rabbit ruptured. 

A modified vent was designed to enable 
the rabbits to remain sealed and the 
experiment continued for a full eighty- 
hour irradiation. 

65-02 

41, 42, 44 

NaCL Crystals 

Three NaCL crystals were placed in poly¬ 
ethylene containers and loaded into three 
rabbits and irradiated. 

66-01 

44, 54, 
59-62 

Irradiation of Various Insulating 
Materials 

Two AI 2 O 3 crystals were i rradiated for 
Materials 574.4 MWD in a rabbit. A silicon 
carbide crystal was also irradiated at sixty 
megawatts for twenty-four hours and then 
sent to Lewis Research Center for analysis 

66-03 

76, 77, 
80-82, 84, 
85 

Irradiation of Bulk UO 2 Fuel/ 

Clad Bodies 

These experiments included lengthy 
irradiations For example during Cycle 80 
a capsule was operated at the desi red 
temperature for 241 hours. 

66-03-01 

78, 79, 83 
86-94 

Irradiation of Bulk UO 2 Fuel/ 

Clad Bodies 


66-03-2 

95-98, 
100-119, 
121, 123 

Irradiation of Bulk UO 2 Fuel/ 

Clad Bodies 

1 n Cycle 105 the capsule was i nserted i nto 
the reactor tank i n one-i nch i ncrements to 
obtai n the designed operati ng tempera¬ 
ture The capsule was then withdrawn 
completely in one motion, letting the 
temperature stabilize Thiswas done fifty 
times asquickly as possibleto study the 
effects of thermal cycling on the fuel and 
thermocouples 
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Exp. 

Number 

Cycles 

Name 

66-05 

47, 76 

Neutron Irradiation of Ammonium 
Bromide 

66-06 

92-105, 

107-152 

Fission Gas Retention Studies 

66-07 

59-66 

Charpy 1 impact Sped men 

Irradiation 

66-08 

73-75, 

80, 81, 

84, 86-88 

Irradiation of a Rare Gas Filled 
Thermionic Diode 

67-01 

58-61, 
63-65, 81 

1 rradi ation of Glassy Si 1 icates 

67-04 

87-105, 

107-123 

Radiolysis of Water 

67-05 

71-82 

M i era meteo ri te 1 rrad i ati 0 n 


Description 


A five-milligram sample of ammonium 
bromide (NH 4 Br) was irradiated for thirty 
mi n utes at si xty megawatts and sent to 
Lewis Research Center for analysis 

I n Cycle 106 the irradiation lasted 330 
hours, or 93 percent of the total ti me 
avail able for that cycle The fuel pin was 
operated at three temperature levels. 
Fission gas release data was also collected 
with the online detection instrumentation. 
The capsule contents were U0 2 . 

Two capsules with weld sped mens i n 
aluminum alloy and alloy wereiniti ally 
i rradi ated for an enti re cycle i n the reactor. 

This experiment was installed into the 
experi ment 62-16 (N ERVA irradiation) 
water-cooled capsule 

Si x i rrad i ati 0 ns were initially perfo rmed i n 
the rabbit faci I ity and the sped mens were 
sent to the Case Western Reserve Univer¬ 
sity for analysis 

Theobjectiveofthis experi ment was to 
investigate the pressure buildup and 
composition of gases resulting from the 
radiolysis of water in sealed aluminum 
contai ners. 

Consi sted of three powder contai ners that 
held two major crystalline silicates of 
meteorites (Olivine and Enstatite) and six 
flux monitors 
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Exp. 

Number 

Cycles 

Name 

Description 

67-06 

76-78, 
80-88, 92 

N ud ear Reacto r M ateri al s 

Evaluation 

1 ncl uded testi ng 1 i ke an experi ment i n 
Cycle 93. This included seven wear test 
sped mens fo r metal 1 u rgi cal exam i n ati o n. 
Also, eighteen fatigue and six tensile 
sped mens were pi aced i n FI ot Cel 1 1 to 
await reloading into future capsules for 
irradiation. Corrosion tests were also 
started on twenty-one specimens in 200 
degrees Fahrenheit deionized water. The 
fatigue testi ng equi pment was bui It by the 
M ateri al Testi ng Systems (MTS). 

67-06-71 

94 

N ucl ear M ateri al s Eval u ati o n 
Program 


67-06-81 

94-96, 98 
103, 105, 
115-140 

Fatigue and Tensi le Properties of 
Irradiated Materials 


67-06-91 

99-105, 

107-112, 

120-127, 

129-142 

1 rrad i ati o n of N ERVA M ateri al s 

Materials included Waspaloy, Inconel, and 
General Dynamics test specimens. 

67-07 

76, 77, 79, 
81, 82, 91, 
94-112, 
114-139, 
142-150 

Irradiation of Gas-Cooled Fuel 

Pi ns for Compact Reactors 

This experi ment arrived at the reactor from 
Oak Ridgeon 21 May 1968. One test 
(Cycle 103) attempted to measure the 
diffusion rate of gaseous fission products 
in a static system. 

68-01 

76-79-82, 
84, 86, 

87, 89, 

104, 

107-109 

Irradiation of Plastic Containers 

O ver twenty-fi ve sampl es of pi asti c were 
irradiated for various lengths of time and 
analyzed in the hot lab. This increased to 
fifty samples in Cycle81. In Cycle 104, 
fifteen plastic vials that contained lead, 
aluminum, or air samples were irradiated 
and analyzed at the radiochemistry 
laboratory. 
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Exp. 

Number 

Cycles 

Name 

Description 

68-03 

105, 

128-139 

Nuclear Thermionic Ceramic 
Insulators 


68-04 

89-91, 94, 
95 

RadioactiveTracer Production for 
Tektite Research 


68-05 

92, 94, 
100 -102, 
105-142 

1 rradiation of H igh-Temperature 
Thermocouples 

The temperature of the i rradi ations was 
1,600 degrees Celsius 

68-06 

93-101, 

103-105 

Hot Laboratory Examination of 

1 rradiated Tri-Layer Specimens 

Sponsored by Oak Ridge The high- 
temperature vacuum furnace was pi aced i n 
Hot Cell 1. It raised the temperature of 
the experi ment to 2,200 degrees Cel si us 
with a vacuum. In Cycle 105, metal lo- 
graphic specimens were photographed at 
250x and 500x magnification. 

69-01-1 

107-152, 

93, 113 

N uclear Experi ment Power Reactor 
Technology Fuel Capsule 
Irradiationsl 

Fuel pi ns received from the experi ment 
sponsor were irradiated. 1 n Cycle 107, 
sampl es of stai n 1 ess steel were i rradi ated to 
determine the variation of cobalt content. 

69-01-2 

HI-113, 
115-152 

N uclear Experi ment Power Reactor 
Technology Fuel Capsule 
Irradiations II 


69-01-03 

139-152 

Space Power ReactorTechnology 


69-02 

108, 109, 

HI, 128, 
133, 144 



69-03 

98-100 

Irradiation of Apollo Glycol-Water 
Solutions 

Vials contai ni ng glycol-water were 
irradiated for four hours (Cycle 98) and 
then analyzed in the radiochemistry 
laboratory. 
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Exp. 

Number 

Cycles 

Name 

Description 

70-01 

106-107, 

Irradiation of Lunar Soil 

Several vials that contained 1.2 grams of 


109, 112, 


lunar soil (Cycle 106) were irradiated in 


115, 116, 


the rabbit faci 1 ity for six days. The rabbit 


118, 123, 


was then sent to the hot laboratory where 


126, 


the vials were removed, packaged, and 


128-131, 


shi pped to the experi ment sponsor. 1 n 


133, 135, 


Cycle 107, 0.6 grams of lunar soil, one 


136, 139, 


gram of Columbia River basalt, and one 


140, 


gram of ordi nary chondrites were i rradi at- 


143-145, 


ed for six days and the samples were sent 


147-152 


back to the sponsor. 

70-02 

118-122, 

Vapor Transport Fuel Pin 



124-137, 
142, 143 

Experiment 


70-03 

HI, 112 

1 rradiation of Pyrolytic Graphite 


70-04 

112, 113, 

Irradiation of Grain Boundary 

1 n Cycl e H5, f i ve pai rs of grai n sped mens 


115-119 

Impurities 

were irradiated in the rabbit facility for 
ninety-four hours and then unloaded in 
the hot laboratory and sent back to the 
experi ment sponsor. 

70-05 

HI, H8, 

Irradiation of Lunar Soil, Meteorites, 



120 , 126, 
130-134, 
137 

Terrestrial Rocks* and Standards 


70-06 

127, 

Thermionic Reactor Fuel Form 



132-152 

Irradiation 


70-07 

H7, H8 

Irradiation of Meteorite Crystals 


70-08 

H7, H9 

1 rrad i ati o n of Parti cu 1 ate M ateri al s 



120 , 122, 
123, 125, 
126, 

128-152 

from Cuyahoga County Air Samples 
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Exp. 

Number 

70-09 

Cycles 

117, 118, 
120 , 121, 
123, 126, 
129, 130, 
133, 134, 
136, 

139-142, 
147, 151 

Name 

Irradiation of Extraterrestrial 

Material 

70-n 

125, 

138-144, 

146-151 

Loss of Coolant Experiment 

70-12 

118-146, 

148 

1 rrad i ati o n of N ERVA M ateri al s 
at CryogenicTemperatures 

71-02 

142, 143, 
145 

150-152 


71-03 

124-129, 

131, 

133-138, 
140, 151 

Determination of Mercury and 
Selenium in Air Particulate 

71-03R1 

139, 

141-147, 
149, 150, 
152 

Determination of Hazardous Trace 
Elements in Samples and Fuels 

71-05 

128,132, 
133, 136 

139 

Radioscope F-18 Production 

71-07 

135, 136 
140-144 

Radiation of Reentry Heat Shield 
Material 


Description 


During Cycle 119, 25 specimens of 
aluminum were loaded into the cryogenic 
capsule and i rradiated at a temperature 
below seventy-seven degrees Kelvin. 
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Exp. 

Number 

Cycles 

Name 

Description 

71-08 

133, 134 

Irradiation of Pure Silicon 


71-09 

137-139 

Irradiation of Corn 


72-01 

143, 

150-152 



72-02 

140 

Irradiation of Thin Silver Films 


72-03 

149-152 

N uclear Power Reactor 

Technology IV 


72-04 




IT-A-I 


Neutron Radiographic Facility 

This was located in quadrant A. It used a 


voided tube to direct a neutron beam 
through a special Iy designed fifteen-foot- 
long col I i mator. The col I i mated beam of 
thermal neutrons that emerged provided a 
three- by thirty-inch areasuitablefor 
radiography. For example; in Cycle 89, tests 
i ncl uded eval uati ng different types of X-ray 
film provided by Eastman Kodak and Agfa- 
Gevaert. It was also used to i rradiate fuel 
pins. 
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Reactor Cycle Dates 


Cycle 

Start Date 

End Date 

Cycle 

Start Date 

End Date 

1 

2/12/1963 

3/13/1963 

45 

5/3/1966 

5/20/1966 

2 

3/13/1963 

4/29/1963 

46 

5/20/1966 

6/6/1966 

3 

4/29/1963 

8/15/1963 

47 

6/6/1966 

7/18/1966 

4 

8/30/1963 

9/8/1963 

48 

7/18/1966 

7/26/1966 

5 

9/20/1963 

9/26/1963 

49 

7/26/1966 

8/8/1966 

6 

10/13/1963 

10/19/1963 

50 

8/8/1966 

8/24/1966 

7 

11/1/1963 

11/9/1963 

51 

8/24/1966 

9/11/1966 

8 

11/26/1963 

12/6/1963 

52 

9/11/1966 

9/19/1966 

9 

12/9/1963 

12/20/1963 

53 

9/19/1966 

10/26/1966 

10 

1/10/1964 

1/21/1964 

54 

10/26/1966 

11/13/1966 

n 

1/21/1964 

2/5/1964 

55 

11/13/1966 

11/22/1966 

12 

2/5/1964 

2/28/1964 

56 

11/22/1966 

12/14/1966 

13 

2/28/1964 

3/10/1964 

57 

12/14/1966 

2/23/1967 

14 

3/10/1964 

3/25/1964 

58 

2/23/1967 

3/28/1967 

15 

3/25/1964 

4/5/1964 

59 

3/28/1967 

4/15/1967 

16 

4/5/1964 

4/22/1964 

60 

4/15/1967 

5/28/1967 

17 

4/22/1964 

4/29/1964 

61 

5/28/1967 

6/20/1967 

18 

5/14/1964 

6/27/1964 

62 

6/20/1967 

7/8/1967 

19 

6/27/1964 

7/12/1964 

63 

7/8/1967 

8/26/1967 

20 

7/12/1964 

7/25/1964 

64 

8/26/1967 

9/13/1967 

21 

7/25/1964 

8/6/1964 

65 

9/13/1967 

10/15/1967 

22 

8/6/1964 

8/24/1964 

66 

10/15/1967 

10/25/1967 

23 

8/24/1964 

9/30/1964 

67 

10/25/1967 

11/5/1967 

24 

9/30/1964 

10/3/1964 

68 

11/5/1967 

11/19/1967 

25 

10/3/1964 

10/27/1964 

69 

11/19/1967 

12/1/1967 

26 

10/27/1964 

11/15/1964 

70 

12/1/1967 

12/13/1967 

27 

11/15/1964 

12/4/1964 

71 

12/13/1967 

12/29/1967 

28 

12/4/1964 

12/19/1964 

72 

12/29/1967 

1/22/1968 

29 

12/19/1964 

3/7/1965 

73 

1/22/1968 

2/4/1968 

30 

3/7/1965 

3/27/1965 

74 

2/4/1968 

2/17/1968 

31 

3/27/1965 

4/8/1965 

75 

2/17/1968 

6/22/1968 

32 

4/8/1965 

5/6/1965 

76 

6/22/1968 

7/15/1968 

33 

5/6/1965 

5/25/1965 

77 

7/15/1968 

7/31/1968 

34 

5/25/1965 

6/30/1965 

78 

7/31/1968 

8/9/1968 

35 

6/30/1965 

7/24/1965 

79 

8/9/1968 

9/25/1968 

36 

7/24/1965 

8/9/1965 

80 

9/25/1968 

10/27/1968 

37 

8/9/1965 

9/2/1965 

81 

10/27/1968 

11/18/1968 

38 

9/2/1965 

11/7/1965 

82 

11/18/1968 

12/3/1968 

39 

11/7/1965 

11/23/1965 

83 

12/3/1968 

12/24/1968 

40 

11/23/1965 

12/14/1965 

84 

12/24/1968 

1/15/1969 

41 

12/14/1965 

1/14/1966 

85 

1/15/1969 

2/5/1969 

42 

1/14/1966 

1/28/1966 

86 

2/5/1969 

2/20/1969 

43 

1/28/1966 

2/19/1966 

87 

2/2/1969 

3/8/1969 

44 

2/19/1966 

5/3/1966 

88 

3/8/1969 

3/28/1969 
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Cycle 

Start Date 

End Date 

Cycle 

Start Date 

End Date 

89 

3/28/1969 

4/14/1969 

134 

n/1/1971 

n/23/1971 

90 

4/14/1969 

5/14/1969 

135 

n/23/1971 

12/20/1971 

91 

5/14/1969 

6/n/1969 

136 

12/20/1971 

1/14/1972 

92 

6/n/1969 

6/30/1969 

137 

1/14/1972 

2/1/1972 

93 

6/30/1969 

7/25/1969 

138 

2/1/1972 

2/26/1972 

94 

7/25/1969 

8/22/1969 

139 

2/26/1972 

5/19/1972 

95 

8/22/1969 

9/14/1969 

140 

5/19/1972 

6/3/1972 

96 

9/14/1969 

10/13/1969 

141 

6/3/1972 

6/23/1972 

97 

10/13/1969 

n/3/1969 

142 

6/23/1972 

7/n/1972 

98 

n/3/1969 

n/19/1969 

143 

7/n/1972 

7/27/1972 

99 

n/19/1969 

12/9/1969 

144 

7/27/1972 

8/14/1972 

100 

12/9/1969 

12/24/1969 

145 

8/14/1972 

8/29/1972 

101 

12/24/1969 

1/15/1970 

146 

8/29/1972 

9/17/1972 

102 

1/15/1970 

2/8/1970 

147 

9/17/1972 

10/6/1972 

103 

2/8/1970 

3/1/1970 

148 

10/6/1972 

10/29/1972 

104 

3/1/1970 

3/23/1970 

149 

10/29/1972 

n/24/1972 

105 

3/23/1970 

4/10/1970 

150 



106 

4/10/1970 

5/18/1970 

151 



107 

5/19/1970 

6/5/1970 

152 



108 

6/5/1970 

6/22/1970 




109 

6/22/1970 

7/9/1970 




no 

7/9/1970 

7/27/1970 




in 

7/27/1970 

8/17/1970 




n2 

8/17/1970 

9/8/1970 




n3 

9/8/1970 

9/28/1970 




n4 

9/28/1970 

10/20/1970 




ns 

10/20/1970 

n/8/1970 




n6 

n/8/1970 

12/1/1970 




n7 

12/1/1970 

12/18/1970 




ns 

12/18/1970 

1/18/1971 




n9 

1/18/1971 

1/30/1971 




120 

1/30/1971 

2/15/1971 




121 

2/15/1971 

3/7/1971 




122 

3/7/1971 

3/29/1971 




123 

3/29/1971 

4/9/1971 




124 

4/9/1971 

4/25/1971 




125 

4/24/1971 

5/17/1971 




126 

5/17/1971 

6/1/1971 




127 

6/1/1971 

6/26/1971 




128 

6/26/1971 

7/8/1971 




129 

7/8/1971 

8/5/1971 




130 

8/5/1971 

8/23/1971 




131 

8/23/1971 

9/n/1971 




132 

9/n/1971 

10/13/1971 




133 

10/13/1971 

n/1/1971 




i e ii u y i m i 


_ 



l. 
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